This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  from  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at  http  :  //books  .  google  .  com/| 


\o 


iN  N   E 


I A  t: 


-i- 


EXPLANATION, 

^p  0NEI6S- 
illi   GRANITE. 


HURONIAN. 
SILURIAN. 

0^f3f(ANy 
SAN03TVNE. 


Proceedings  of  the  American  Association 
for  the  Advancement  of  Science 

American  Association  for  tine  Advancement  of  Science 


CaufQ.  Sfulf       ^3) 

HARVARD   UNIVERSITY. 


LIBRARY 

OF  THE 

PEABODY  MUSEUM  OF  AMERICAN 
AEOHJEOLOGYAND  ETHNOLOGY. 


Received 


Ctvi    -^i<yi4rvtAAc^ 


Af^^  ,  /f  a  I 


\ 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


This  Volume  of  the  Proceedings  is  rejmnted  by  the  liberality  of 
Mrs.  Elizabbth  Thompson  of  Stamford,  Connecticut,  who  became 
a  Patron  of  the  Association  at  the  Poiiland  Meeting  in  1873. 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


t 

PROCEEDINGS 


THE   AMERICAN   ASSOCIATION 


ADVANCEMENT  OF  SCIENCE, 


TWENTY-SECOND  MEETING, 


PORTLAND,  MAINE, 


AUGUST,  1873. 


SALEM: 

PUBLISHED  BY  THE  PERMANENT  SECRETARY. 

1874. 

REPRINTED,  1887. 


Digitized  by  VjOOQIC 


bditkd  bt 

Frederick  W.  Putnam, 

Permanent  Secretary, 


FRINTED  AT 

THE  SALEM  PRESS, 
SALEM,  MASS. 


Digitized  by  VjOOQIC 


TABLE  OF  CONTENTS. 


PAGE 

Officers  of  the  Portland  Meeting, ix 

Officers  of  the  Sections,  Portland  Meeting, x 

Local  Committee  of  Portland  Meeting, xi 

Special  Committees  of  the  Association,          ......  xii 

Officers  of  the  Hartford  Meeting, *  xiv 

Local  Committee  of  Hartford  Meeting,            xv 

Meetings  of  the  Association, xvl 

Constitution  of  the  Association, xvii 

Besolations  of  a  Permanent  and  Prospective  Character,          ....  xxiil 

List  of  Members xxv 

Persons  elected  at  Portland  but  \^-ho  have  not  yet  accepted  membership,     .  xli 

Deceased  Members, xlii 


ADDRESS  OF  THE  RETIRING  PRESIDENT,  J.  LAWRENCE  SMITH, 


COMMUNICATIONS. 
A.  MATHEMATICS,  PHYSICS  AND  CHEMISTRY. 

I.  MATHEMATICS. 

Note  on  William  Watson's  Coordinates  in  a  Plnne.    By  Thomas  Hill,        .       •  27 

A  New  Curve.    By  Thomas  Hill, 30 

Four  Equations  Partially  Discussed.    By  Thomas  Hill, 31 

On  the  Introduction  of  the  Bletric  System  into  Medicine  and  the  Unification  of 

Doses.    By  Habvey  W.  Wiley, 94 

A  Chord  of  Spheral  Music.    By  Pliny  Earlb  Chase,           •       ....  105 
An  Attachment  to  the  Whirling  Table  lor  Projecting  Lissnjou's  Curves.    By  A. 

£.  DOLBEAB •         .         IDS 


Digitized  by  VjOOQ  IC 


IV  CONTENTS. 

II.  ASTRONOMY. 

On  the  Relation  of  Internal  Fluidity  to  the  Trecession  of  the  Equinoxes.    By 

J.  G.  Barnard, 35 

Detei-mination  of  Transatlantic  Longitudes.    By  J.  £.  Hiloard,         .        .       »  144 

The  Solar  Photosphere.    By  S.  P.  Lanqley,           161 

III.  PHYSICS. 

Musical  Flow  of  Water.    By  11.  F.  Wallino, 45 

The  Relation  of  the  Dissipation  of  Energy  to  Cosmical  ETolntion.    By  H.  F. 

Walling, .  46 

On  the  Convertibility  of  Sound  into  Electricity.    By  A.  E.  Dolbear,       .       .  liO 

IV.  PHYSICS  OF  THE  GLOBE. 

Direction  of  Wind  in  Local  Thunder  Storms.    By  Hiram  A.  Cutting,        .        .  50 

Cyclonism  and  Anticyclonism.    By  Pliny  Earle  Chase,            ....  102 

A  Stroke  of  Lightning,  with  Hints  as  to  Immunity.    By  James  Hyatt,      .       .  106 

The  Tornadoes  of  Illinois.    By  M.  L.  Comstock, 112 

New  Theory  or  Geyser-action  as  Illustrated  by  an  Artificial  Geyser.  By  Edmund 

Andrews 115 

The  Arctic  Regions.    By  William  W.  Wheildon, 118 

V.  CHEMISTRY. 

On  the  Silt  Analysis  of  Soils  and  Clays.    By  Eug.  W.  Hiloard,          .        .        .  64 

Silt  Analysis  of  Mississippi  Soils  and  Subsoils.  By  Eug.  W.  Hilgard,  .  .  71 
On  the  DiBtribution  of  Soil  Ingredients  among  the  Sediments  obtained  in  Silt 

Analysis.    By  R.  H.  Louohkidge, 60 

On  the  Influence  of  Strength  of  Acid  and  Time  of  Digestion  in  the  Extraction  of 

Soils.    By  R.  II.  Loughridge 83 

Remarks  on  Glass-making.    By  Lewis  Fbucht%vanger, 88 

The  Chemical  Composition  of  a  Copper  Matte.    By  T.  Sterry  Hunt,          •        .  1(3 

VI.  MECHANICS. 

Descriptionof  a  Printing  Thci-mometer.    By  G.  W.  Hough,  ....         90 

Description  of  an  Automatic  Registering  and  Printing  Evaporator  and  Rain 

Gauge.    By  G.  W.  Hough,  92 

A  Modification  of  the  Vacuum  or  Filter  Pump,  that  can  be  used  with  ft*om  tliree 

to  five  feet  fall  of  water  and  does  not  eai^ily  get  out  of  repair.    By  A.  E. 

FOOTE, 141 

Apparatus  for  Illustrating  the  Variation  of  Wave  Lengths  by  the  Motion  of  its 

Origin.    By  E.S.  Morse, 159 

TITLES. 
Of  Papers  read  but  not  printed, 175 


Digitized  by  VjOOQIC 


CONTENTS.  V 

B.    NATURAL  HISTORY. 

I.  GEOLOGY, 

On  Stanrolite  Crystals,  and  Green  Mountain  Gneisses  of  the  Silnrian  Age.    By  ,h 

D.  Dana .  .25 

The  Slates  of  the  Taconic  Mountains  of  the  Age  of  the  Hudson  River  or  Cincin- 
nati Gronp.   ByJ.  D.Dana, 27 

The  Quartzlte  of  William stown  and  Vicinity,  and  the  Structure  of  the  Graylock 

Range.    By  Sanbobn  Tennet,  ....  ,       .        ,       .  87 

On  the  Cause  of  the  Transient  Fluctuations  of  Level  in  Lake  Superior.    By 

Chas.  Whittleset, .  .42 

Descent  of  Rivers  in  the  Mississippi  Valley.    Area  of  Drainage  1,000,000  Square 

Miles.    By  CiiAS.  Whittleset, 47 

On  the  Origin  of  Mountain  Chains.   By  Chas.  Whittlesey,       ....        61 

The  Devonian  Limestones  in  Ohio.    ByN.  H.  Winchell, jOO 

Origin  and  Properties  of  the  Diamond.    By  A.  C.  Hamlin,    .       .        *        .       .       101 
Notes  on  the  Geology  and  Economic  Mineralogy  of  the  Southeastern  Appalach- 
ians.   By  T.  Sterrt  Hunt, .113 

The  Metamorphism  of  Rocks.    By  T.  Sterry  Hunt, 115 

Geology  of  Southern  New  Brunswick.  By  T.  Sterrit  Hunt,  ....  116 
Breaks  in  the  American  Paleozoic  Series.  By  T.  Sterry  Hunt,  .  .  .  117 
Geological  History  of  Winnipiseogee  Lake.  By  C.  H.  Hitchcock,  .  .  .  120 
Note  upon  the  Cietnceous  Strata  of  Long  Island.  By  C.  H.  Hitchcock,  .  .  131 
On  the  Geological  relations  of  the  Iron  Ores  of  Nova  Scotia.  By  J .  W.  Dawson,  138 
Tlie  Proximate  Future  of  Nirigara,  in  Review  of  Prof.  TyndalPs  Lecture  thereon. 

By  George  W.  Hollet,     .       .       .       .       • 147 

On  Some  Expansions,  Movements,  and  Fractures  of  Rocks,  observed  at  Monsou, 

Mass.   ByW.  H.NiLKS, 150 

The  Geology  of  Portland.    By  C.  H.  Hitchcock, 163 

Circles  of  Deposition  in  American  Sedimentary  Rocks.  J.  S.  Newberry,  .  185 
Remarks  on  Prof.  Newberry's  Paper  on  •'Circles  of  Deposition,"  etc.     By  T. 

Sterry  Hunt, 196 

Geology  oJ  the  Northwest  Part  of  Maine.    By  C.  H.  Hitchcock,  and  J.  H. 

Huntington, 205 

On  the  Relations  of  the  Niagara  and  Lower  Helderberg  Formations,  and  their 
Geograpliical  Distribution  in  the  United  States  and  Canada.  By  James 
HALL, 821 

IL    PALEONTOLOGY. 

Note  on  a  New  Siglllaria  Showing  Scars  of  Fructification.  By  J.  W.  Dawson,  .  75 
On  some  Extinct  Types. of  Horned  Perissodactyles.  By  Edward  D.  Cope,  .  108 
The  Largest  Fossil  Elephant  Tooth  yet  described.    By  Edmund  O.  Hovey,     .       112 


Digitized  by  VjOOQIC 


VI  CONTENTS. 


III.    BOTANY. 


On  Movement  in  the  Stigmntic  Lobes  of  Catalpa.    By  Thomas  Meehan,     .       .  72 
On  Hermaphroditism  in  Rhus  Cotinus  (the  Mist  Tree)  and  in  Rhus  Ghtbra  (Com- 
mon Samac).   By  Thomas  Meehak, 78 

IV.  ZOOLOGY. 

Note  on  Bnfo  Aroericanns.  By  Thomas  Hill, 23 

Farther  Observations  on  the  Embryology  of  Limulus  with  Notes  on  its  Affinl- 

ties.    By  A.  S.  Packabd,  Jr., 30 

On  a  Remarkable  Wasp's  Nest  Found  in  a  Stnmp  in  Maryland.    By  P.  R.  Uhler,  32 
On  Recent  Additions  to  the  Fish  Fauna  of  Massacliusetts.    By  Theodore  Gill,  34 
On  tlie  Species  of  the  Genus  Micropterus  (Lac.)  or  Grystes  (Auct.)    By  Theo- 
dore GlLl^ 55 

On  the  Origin  of  Insects  and  Remarks  on  the  Antennal  Character  in  the  Butter- 
flies and  Moths.    By  Aug.  R.  G ROTE 110 

On  the  Question  "Do  Snakes  Swallow  their  young?'*    By  G.  Brown  Goods,    .  176 

On  the  EflTects  of  Certain  Poisons  on  MolUisks.    By  William  North  Rice,      .  201 
The  Outer  Cerebral   Fissures  of  Mammalia  (especially  the  Carnivora)  and  the 

Limits  of  their  Homology.    By  B.  G.  Wilder, 214 

Cerebral  Variation  in  Domestic  Dogs,  and  its  Bearing  upon  ScientlAc  Phrenol- 

ogy.    By  B.  G.  Wilder,       ...               234 

Lateral  Asj-mmeti^  in  the  Brains  of  a  Double  Human  Monster.     By  B.  G. 

Wilder, 250 

The  Papillary  Representative  of  Two  Arms  of  a  Double  Human  Monster,  with  a 

Note  on  a  Mummied  Double  Monster  from  Peru.    By  B.  G.  Wilder,    .        .  251 
The  Habits  and  Parasites  of  Epeira  Ripaila,  with  a  Note  on  the  Moulting  of 

Nephila  Plumipes.    By  B.G.  Wilder, 257 

The  Nets  of  Epeira,  Nephila  and  Hyptioters  (Mithnas).    By  Burt  G.  Wilder,  .  264 

The  Need  of  a  Uniform  Position  for  Anatomical  Figures.    By  B.  G.  Wilder,     .  274 
Lateral  Position  of  the  Vent  in  Amphloxus  and  in  the  Larvas  of  Rana  Pipiens. 

By  B.  G.  Wilder, 275 

On  the  Composition  of  tlie  Carpus  in  Dogs.    By  B.  G.  Wilder 301 

Variation  in  the  Condition  of  the  External  Sense  Organs  in  Foetal  Pigs  of  the 

same  litter.    By  B.  G.  Wilder, 303 

Present  Aspect  of  the  Question  of  Intermembral  Homologies.   By  B.  G.  Wilder,  3  03 

The  Pectoral  Muscles  of  Mammalia.    By  B.  G.  Wilder,       ...               .  805 

Variation  in  the  Pectoral  Muscles  of  Domestic  Dogs.    By  B.  G.  Wilder,  .       .  308 

On  the  Embryology  of  Tei-ebratulina.    By  Edw.  S.  Morse 308 

On  the  Genitnllu  of  Brachiopoda.    By  E.  S.  Morse, 310 

Notes  on  Liparis,  Cyclopterus  and  tlieir  Allies.    By  F.  W.  Putnam,    ...  335 
Explorations  of  Casco  Bay  by  the  U.  S.  Fish  Commission,  in  1873.     By  A.  E. 

Verrill, 340 

On  the  Origin  of  Species.    By  G.  C.  Swallow, 896 


Digitized  by  VjOOQIC 


CONTENTS. 


Vll 


V.  ANTHROPOLOGY. 

On  an  Ancient  Burial-ground  in  Swnnton,  VL    By  George  II.  Perkins,    .       .  76 

Artiflcial  Sheil-tieaps  of  Fresli-watcr  Mollusks.    By  C.  A.  White,       ...  133 

On  the  Rate  of  Increase  of  ttie  Human  Race.  By  Charles  Wiiittleset,  .  311 
Calvert's  Supposed  Relics  of  Man  in  tlie  Miocene  of  tlie  Dardanelles.    By 

George  Wabrbvks  {Communicated  by  C.  ff.  EUcJicock.)     .       .       .       «  203 

Vr.  PRACTICAL  SCIENCE. 
On  the  Duty  of  Governnients  in  the  Preservation  of  Forests.    By  Franklin  B. 

Hough l 

Hints  for  tlie  Promotion  of  Economic  Entomology.  By  John  L.  LeCoxte,  10 
Snggestion  for  Facilitation  of  Museum  Administration.  By  Theodore  Gill,  37 
The  American  Museum  of  Natural  History  in  Central  Park,  New  York,    l^y 

Albert  S.  Bickmore, 108 

TITLES. 
OfPapers  read  but  not  printed, 408 


EXECUTIVE  PROCEEDINGS. 

HISTORY  OF  THE  MEETING. 

Address  by  President  Lovering, 412 

Notices  of  Deceased  Members, 411 

Reception  by  tlie  Citizens  of  Portland, 414 

Addressof  Welcome  by  Honorable  Benjamin  Kingsbury,  Jr.,        ...  414 

Reply  by  President  Lovkring 417 

Donation  by  Mrs.  Thompson 422 

Letter  from  Ex  President  Smith, 423 

Sections  and  Subsections, 423 

Petttionsof  the  Entomologists, 424 

Entertainments  and  Excursions, .  426 

Invitation  to  Haitford, 427 

Officers  elected, 427 

Closing  Remarks  of  the  President, 427 

Resolutions  adopted, 429 

Votes  of  Thanks, 430 

Report  of  the  Retiring  Permanent  Secretaiy, 432 

Cash  Account  of  Permanent  Secretary, 434 

Stock  Account  of  Permanent  Secretary, 436 

Appendix  to  History  of  the  Meeting,  by  W.  W.  Wheildon,          ....  437 

Index,            445 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


OFFICERS 


OF 


THE   PORTLAND   MEETING. 


PRESIDENT. 
Joseph  Lovkking,  of  Cambridge. 

VIOB-PKBSIDBITT. 
A.  II.  WoRTUE>j,'  Of  Sprliigfleld,  III. 

FEBMANENT  SECRETAHY. 
F.  W.  Putnam,  of  Salem. 

OENEBAIi  SECBETABY. 
C.  A.  White,  of  Brunswick,  Me. 

TREASUBEB. 
W.  S.  Vaux,  of  Pliiladelphla. 

BTANDINO  COMMITTEE 

ex-officio, 

Joseph  Lovkrixg,  A.  H  Woutiien,*  F.  W.  Putnam, 

C.  A.  White,  W.  S.  Vaux, 

J.  Lawrence  Smith,*         Alexander  Winchell,*    E.  S.  Morse. 

as  chairmen  of  the  sectional  committees. 
Alexis  Caswell,  John  L.  LkContk. 

FUOM  the  association  AT  LARGE. 


S.  F.  Baird,  of  Washington, 

Jamrs  Hall,  of  Albany, 

J.  £.  HiLGARD,  of  Washington, 


Thomas  Hill,  of  Portland, 
T.  Sterry  Hunt,  of  Boston, 
C.  A.  Young,  of  Hanover. 


*Not  preeent. 

(U) 


Digitized  by  VjOOQ  IC 


OFFICERS  OF  PORTLAND  MEETIKO. 


OFFICEB8  OF  THB  SKCTIONS. 


SECTION  A. 

Alkzis  Caswell,  of  Providence,  and  Tnos.  Hill,  of  Portland,  CJiairmen.^ 

G.  W.  Hough,  of  Albany,  Secretary. 


6RCTIONAL  COMMITTER. 

C.  A.  Young,  of  Hanover,  N.  H.,    E.  B.  Elliott,  of  Washington, 
W.  W.  WiiEiLDON,  of  Concord,  Mass. 


SUB- SECTION  OF  SECTION  A. 

Organized  on  the  Gth  day. 

H.  F.  Walling,  of  Boston,  Chairman, 

R.  B.  Wardkk,  of  Cleves,  Ohio,  Secretary, 

SECTION  B. 

John  L.  LkContk,  of  Philadelphia,  Chairman, 
Samuel  H.  Scuddeu,  of  Cambridge,  Secretary, 

SECTIONAL  committee. 

F.  B.  Hough,  of  Lowville,  N.  Y.,    A.  E.  Vekrill,  of  New  Haven, 
Theodore  Gill,  of  Washington. 

sub-section   1   OF  SECTION  B. 

Organized  on  the  4th  day. 

J.  G.  Morris,  of  Baltimore,  CAainna/i. 

A.  R.  GnoTK,  of  Buffalo,  Secretary, 

SUB-SECTION   2  OF  SECTION  B. 

Organized  on  the  4th  day. 

T.  Sterky  Hunt,  of  Boston,  Chairman, 

W.  H.  NiLES,  of  Cambridge,  Secretai-y, 

t  Prof.  Cnewell  wns  chaiiiuan  until  Saturdny,  and  Dr.  Hill  licld  the  ofScc  for  tlic  i est 
4)1  the  meeting. 


Digitized  by  VjOOQIC 


LOCAL  C03fMITTEE  OF  PORTLAND  MEETING.  XI 


IiOOAIi  COMMITTEE. 

Chairman : —  Hon.  Benjamin  Kingsbury,  Jr. 

Treasurer: — Geo.  E.  B.  Jackson,  Esq. 
Secretary :— Rev.  Charles  W.  Hayes. 


LOCAL  SUB- COMMITTEES. 

On  Reception: — The  Chairman  and  Secretary  of  the  Local  Con^mittee 
ez  officio ;  Geo.  T.  Davis,  Nathan  Cleaves,  Geo.  F.  Emery,  William  Deer- 
ing,  I.  Washburn,  Jr.,  Francis  Fessenden,  Wm.  L.  Putnam,  H.  N.  Jose, 
Rev.  W.  B.  Hayden,  Geo.  E.  B.  Jackson,  Geo.  F.  Shepley,  Cyrus  H. 
Farley,  Rt.  Rev.  H.  A.  Neely. 

On  Rooms  and  Microscopists : — A.  H.  Walte,  Nathan  Webb,  Dr.  Wm. 
Wood,  J.  P.  Thompson,  C.  B.  Fuller,  J.  M.  Gould,  W.  N.  Gould,  Dr.  Fred 
H.  Gerrlsh. 

On  Finance  :-'Geo.  E.  B.  Jackson,  Treasurer  of  Local  Committee  ex 
officio;  T.  C.  Horsey,  Chairman;  J.  B.  Brown,  A.  K.  Shurtleff,  Rufus  E. 
Wood. 

On  Subscriptions :—¥.  N.  Dow,  Chairman;  S.  E.  Spring,  James  H. 
Smith,  Thomas  A.  Roberts,  John  M.  Gould,  H.  H.  Burgess,  W.  F.  Miiliken, 
Francis  K.  Swan,  W.  S.  Jordan,  Geo.  S.  Hunt,  Frank  Noyes,  M.  N.  Rich, 
Charles  E.  Jose,  J.  S.  Marrett,  William  Senter,  Wm.  W.  Thomas,  Jr., 
Franklin  Fox,  John  Marshall  Brown,  William  Allen. 

On  Excursions : — H.  F.  Furbish.  Lewis  B.  Smith,  James  E.  Carter, 
William  A.  Wlnship,  Prentiss  Loving,  William  R.  Wood,  Charles  H.  Has- 
kell, Wm.  E.  Wood,  W.  S.  Dana,  Prof.  Hitchcock. 

On  Pmi^iwflF .-—Secretary  of  the  Local  Committee,  ez  officio;  A.  P. 
Stone,  Geo.  F.  Talbot,  James  E.  Prindle. 

On  Railroad  and  Steamboat  FacilUies :^SfimvLel  J.  Anderson,  Francis 
Chase,  Payson  Tucker,  John  Porteous,  T.  C.  Hersey,  Geo.  P.  Wescott, 
J.  B.  Coyle,  John  Lynch,  Joslah  H.  Drummond,  J.  S.  Winslow,  W.  W. 
Harris. 

On  Mail  atid  Telegraph: —C.  W.  Goddard,  Stephen  Berry,  J.  S.  Bedlow, 
and  the  Secretary  of  the  Local  Committee,  ex  officio. 


LOCAL  COMMITTKE  OF  SUPERVISION. 

Chairman: — Hon.  George  P.  Wescott,  Mayor  of  Portland. 

Vice  Chairman: —Hon,  Benjamin  Kingsbury,  Jr. 

Treasurer  :^Gko.  E.  B.  Jackson,  Esq. 

Secretary : — Rev.  Chas.  W.  Hayes. 

Members ;— The  Chairmen  of  the  several  sub-committees. 
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SPECIAL   COMMITTEES. 

A.  COMMITTKKS   CONTINUED  FROM  FORMER  MKKTINGS. 

1.     Committee  to  report  in  Relation  to  Uniform  Standards  in  Weights, 
Measures  and  Coinage, 
F.  A.  P.  Barnard,  of  New  York, 


Walcott  G1BB8, 
B.  A.  Gould,  of  Cambridge, 
Joseph  Hknry,  of  Washington, 
J.  E.  HiLGARD,  of  Washington, 


John  LeConte, 

H.  A.  Newton,  of  New  Haven, 

Benjamin  Pkirce,  of  Cambridge, 

W.  B.  Kogkks,  of  Boston, 

J.  Lawrence  Smith,  of  Louisville, 


E.  B.  Elliot,  of  Washington. 

2.     Committee  to  memorialize  the  Legislature  ofNexo  York  for  a  New  Survey 
of  Niagara  Falls. 

F.  A.  P.  Barnard,  of  New  York,       I    James  Hall,  of  Albany, 
CiiARLics  P.  Daley,  ^       j    William  E.  Logan,  of  Montreal, 

G.  W.  HoLLEY,  of  Niagara  Falls. 


8.     Committee  to  report  on  the  best  Methods  of  Organizing  and  Conducting 
State  Geological  Surveys. 


G.  C.  Swallow,  of  Columbia,  Mo. 

James  Hall,  of  Albany, 

J.  S.  Newberry,  of  Cleveland, 


Alexander  WiNCHELL,  of  Syracuse, 
T.  Sterry  Hunt,  of  Boston, 
Benjamin  Peirce,  of  Cambridge. 


4.     Committee  to  memorialize  Congress  in  relation  to  a  Geological  Map 
of  the  United  States, 

This  committee  consists  of  such  of  the  State  Geologists  as  will  Join  in  the  memoriAl. 
Alex.  Winchell,  of  Syracuse,  Chairman, 
C.  H.  Hitchcock,  of  Hanover,  Secretary, 


B.      NEW   committees. 

1.     Committee  to  act  with  the  Standing  Committee  in  Nomination  of 
Officers  for  the  Meeting  of  1874. 


SECTION  A. 

W.  A.  Rogers,  of  Cambridge, 
J.  G.  Barnard,  of  New  York, 
G.  W.  Hough,  of  Albany, 

H.  F.  Walling,  of  Boston, 
(xii) 


SECTION  B. 

A.  C.  Hamlin,  of  Bangor, 
S.  H.  Scudder,  of  Boston,- 
N.  S.  TowNSHEND,  of  Columbus, 
G.  C.  Swallow,  of  Columbia. 
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2.     Committee  on  the  Elizabeth  Thompson  Donation. 


Asa  Gray,  of  Cambridge, 

J.  L.  LeContk,  of  Philadelphia, 

P.  H.  Van  der  Weyde,  of  N.  Y., 


Thomas  Hill,  of  Portland, 

James  Hall,  of  Albany, 

T.  Sterry  Hunt,  of  Boston, 


F.  W.  Putnam,  of  Salem. 


3.     Committee  to  report  on  the  Principles  of  Nomenclature. 


J.  L.  LbConte,  of  Philadelphia, 
Jamss  Hall,  of  Albany, 


J.  S.  Newberry,  of  Cleveland, 
Alexander  Agassiz,  of  Cambridge, 


Theodore  Gill,  of  Washington. 

4.     Committee  to  report  on    the   most  desirable  methods   of  Studying 
Science  in  the  Common  Schools, 

J.  W.  Dawson,  of  Montreal,  |    S.  W.  Johnson,  of  New  Haven, 

J.  P.  Lesley,  of  Philadelphla- 

6.     Committee  to  memorialize  Congress  and  Slate  Legislatures  regarding 
the  Cultivation  of  limber,  and  the  Preservation  of  Forests, 


F.  B.  HouOH,  of  Lowville, 
Asa  Gray,  of  Cambridge, 

G.  B.  Emerson,  of  Boston, 

J.  D.  Whitney,  of  San  Francisco, 


J.  S.  Newberry,  of  Cleveland, 
L.  H.  Morgan,  of  Rochester, 
Chas.  WHrrTLESEY,  of  Cleveland, 
W.  H.  Brewer,  of  New  Haven, 


E.  W.  HiLGARD,  of  Ann  Arbor. 


6.     Committee  to  report  on  the  Constitution  of  the  Association, 


J.  L.  LeConte,  of  Philadelphia, 
C.  S.  Lyman,  of  New  Haven, 
J.  £.  HiLGARD,  of  Washington, 


G.  C.  Swallow,  of  Columbia, 
Joseph  Lovering,  of  Cambridge, 
F.  W.  Putnam,  of  Salem. 


7.     Committee  to  obtain  an  Act  of  Incorporation  of  the  Association, 

George  S.  Boutwell, 

F.  A.  P.  Barnard,  of  New  York, 

JosKTH  Lovering,  of  Cambridge, 


Asa  Gray,  of  Cambridge, 

J.  S.  Newberry,  of  Cleveland, 

F.  W.  Putnam,  of  Salem, 


W.  W.  Wheildon,  of  Concord. 


8.     Committee  to  audit  the  Accounts  of  the  Permanent  Secretary  and 

Treasurer, 


H.  L.  Eustis,  of  Cambridge, 


Henry  Wheatland,  of  Salem. 
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OFFICERS  OF  THE  ASSOCIATION 

AND 

LOCAL  COMMITTEE  ELECTED 
yoR 

THE  HARTFORD  MEETIN(i. 


J.  L.  LeConte, 
C.  S.  Lyman, 
F.  W.  Putnam, 
A.  C.  Hamlin, 

(xiv) 


FSBSIDBNT. 
John  L.  LeConte,  of  Philadelphia. 

VIOB-PBBSIDBNT. 
C.  S.  Lyman,  of  New  Haven. 

FBRMANETETT  SEOBETABT. 
F.  W.  Putnam,  of  Salem. 

OEIOIBAI.  SSICBETABY. 
A.  C.  Hamun,  of  Bangor. 

TBBASUBEB. 
W,  S.  Vaux,  of  Philadelphia. 

STANDING  COMMITTBl!: 
ex  officio. 

W.  S.  Vaux, 


Joseph  Lov bring, 
a.  h.  wortuen, 
C.  A.  White. 
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XV 


IiOOAIi  COmCITTBB. 
Hod.  H.  C.  Robinson,  Chairman. 

Prof.  John  BBOCKU58BT,   I  yf^  chairmen. 
J.  M.  Allkn,  > 

Rev.  W.  L.  Gaoe,  Secretary. 
Gbo.  P.  BissBLL,  Treasurer. 


TnCOTHT  M.  Alltk, 
J  ABED  A.  ATBE8, 
HBllItT  BASNASD, 
F.  F.  B4RROW8, 

Geo.  M.  Bartholomew, 
j.  g.  battbr80n, 
Charles  M.  Beach, 
H.  B.  Beach, 
£.  B.  Benvett, 

CHAB.  E.  BiLLUfOS, 

B.  F.  Blakbslee, 
John  W.  Buss, 
Lbvsrbtt  Brainard, 
Charles  H.  Brainard, 
George  Brimlby, 
J.  H.  Bbocklesby, 
Isaac  H.  Beomlet, 
Charles  H.  Bcnce, 

JOEATHAK  B.  BUNGE, 

Alfbed  E.  Burr, 
Bey.  Dr.  Horace  Bush- 

KELL, 

Hon.  Elisha  Carpenter, 
Frank  W.  Cheney, 
Samuel  L.  Clemens, 
Charles  J.  Cole, 
ReT.  Dr.  C.  B.  Crane, 
Hon.  Calvin  Day, 
AUSTIN  Dunham, 
AUSTIN  C.  Dunham, 
Hon.  W.  W.  Eaton, 
Dr.  W.  Edoboomb, 
Theodore  G.  Ellis, 
Richard  S.  Ely, 


Rev.  Hr.  Emerson, 

Geobob  a.  Faibeield, 

Gen.  W.  B.  Fbanklin, 

R.  J.  Catling, 

Hon.  Francis  Gillette, 

F.  L.  Gleason, 

W.  H.  Goodrich, 

Rev.  Francis  Goodwin, 

James  Goodwin, 

Jacob  L.  Greene, 

Ezra  Hall, 

Joseph  Hall, 

Wm.  J.  Hambrsley, 

Rev.  Prof.  Samuel  Hart, 

Wm.  a.  Hbaly, 

CK4RLES  J.  HOODLY, 

Prof.  Geo.  O.  Holbbookb, 
J.  L.  Howard, 
Hon.  R.  D.  Hubbard, 
W.  M.  Hudson,  M.D., 
E.  E.  Hunt,  M.D., 
Rot.  President  A.  Jack- 

SON, 

R.W.H.  Jarvis, 

Pliny  Jewell, 

Hon.  Marshall  Jewell, 

Henby  Kbnby, 

Rey.  C.  F.  Knight, 

James  Laubie, 

Horace  Lobd, 

Rt.  Rev.  F.  P.  McFar. 

LAND, 

Thomas  McManus, 
L.  W.  Meech, 


Rey.  Dr.  H.  Heieb-Smith, 

EDWABD  J.  MUBPHY, 

C.  H.  Nobtham, 
Samuel  Nott, 
Hon.  D.  W.  Pabdee, 
Rey.  E.  P.  Parkeb, 
John  C.  Parsons, 
J.B.Pierce, 
Albert  P.  Pitktn, 
Hon.  C.  M.  Pond, 
Rey.  Prof.  T.  R.  Pykchon, 
Charles  £.  Richards, 
Rey.  Praf.  M.  B.  Riddle, 
Frederick  W.  Russell,  ' 
G.  W.  Russell,  M.D., 
Hon.  Nathaniel  Shipman, 
Hon.  George  G.  Sill, 

W.  E.  SiMONDS, 

Rey.  C.  A.  Skinneb, 

H.  T.  Spebby, 

J.H.  Sprague, 

J.  W.  Stancliff, 

Henry  P.  Stearns,  M.D. 

R.  S.  Storrs, 

Rey.  Prof.  C.  E.  Stowe, 

Hon.  G.  G.  Sumner, 

Hon.  J.  H.  Trumbull, 

Rey.  W.  W.  Turner, 

Edwin  S,  Tyler, 

J.  C.  Walkley, 

Charles  D.  Warxeb, 

Henby  Wilson, 

J.  G.  Woodward, 


And  the  following  fVom  Middletown, 
Rey. Prof.  F.  Gabdineb,      Rey.  Prof.  W.N. Rice,      Prof.  J.  M.  Van  Vleck, 

A.  A.  A.  S.  yOL.  XXII.  B 
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CONSTITUTION  OF  THE  ASSOCIATION.! 


OBJECTS. 


The  Association  shall  be  called  The  American  Association 
FOR  THE  Advancement  of  Science. 

The  objects  of  the  Association  are,  by  periodical  and  migratory 
meetings,  to  promote  intercourse  between  those  who  are  culti- 
vating science  in  different  parts  of  the  United  States;  to  give 
a  stronger  and  more  general  impulse  and  a  more  systematic 
direction  to  scientific  research  in  our  country  ;  and  to  procure  for 
the  labors  of  scientific  men  increased  facilities  and  a  wider  use- 
fulness. 

MEMBERS. 

Rule  1.  Any  person  may  become  a  member  of  the  Association 
upon  recommendation  in  writing  by  two  members,  nomination 
by  the  Standing  Committee,  and  election  by  a  majority  of  the 
members  present. 

OFFICERS. 

Rule  2.  The  ofl3cers  of  the  Association  shall  be  a  President, 
Vice  President,  General  Secretary,  Permanent  Secretary  and 
Treasurer.  The  President,  Vice  President,  General  Secretary  and 
Treasurer,  shall  be  elected  at  each  meeting  for  the  following  one ; 
— the  three  first-named  officers  not  to  be  reeligible  for  the  next 
two  meetings,  and  the  Treasnrer  to  be  reeligible  as  long  as  the 
Association  may  desire.  The  Permanent  Secretary  shall  be  elected 
at  each  second  meeting,  and  also  be  reeligible  as  long  as  the  Asso- 
ciation may  desire. 

1  Adopted  AngnBt35, 1856,  and  ordered  to  go  into  effect  at  the  opening  of  the  Mon- 
treal Meeting.    Amended  at  Burlington,  August,  1867,  and  at  Chicago,  August,  1868. 

(xvll) 
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XVIU  CONSTITDTIOK 


MEETINGS. 


Bulb  3.  The  Association  shall  meet,  at  such  intervals  as  it  may 
determine,  for  one  week,  or  longer ;  and  the  arrangements  for  it 
shall  be  intrusted  to  the  officers  and  the  Local  Committee.  The 
Standing  Committee  shall  have  power  to  determine  the  time 
and  place  of  each  meeting,  and  shall  give  dae  notice  of  it  to  the 
Association. 

STANDINQ  COMMITTEE. 

Rule  4.  There  shall  be  a  Standing  Committee,  to  consist  of 
the  President,  Vice  President,  Secretaries,  and  Treasurer  of  the 
Association,  the  officers  of  the  preceding  year,  the  Permanent 
Chairman  of  the  Sectional  Committees,  after  these  shall  have  been 
organized,  and  six  members  present  from  the  Association  at  large, 
who  shall  have  attended  any  of  the  previous  meetings,  to  be 
elected  upon  open  nomination  by  ballot  on  the  first  assembling  of 
the  Association ;  a  majority  of  the  whole  number  of  votes  cast, 
to  elect.  The  General  Secretary  shall  be  Secretary  of  the  Stand- 
ing Committee. 

The  duties  of  the  Standing  Committee  shall  be, — 

1.  To  assign  papers  to  the  respective  Sections. 

2.  To  arrange  the  scientific  business  of  the  general  meetings^ 
to  suggest  topics,  and  arrange  the  programmes  for  the  evening 
meetings. 

8.  To  suggest  to  the  Association  the  place  and  time  of  the  next 
meeting. 

4.  To  examine,  and,  if  necessary,  to  exclude  papers. 

5.  To  suggest  to  the  Association  subjects  for  scientific  reports 
and  researches. 

6.  To  appoint  the  Local  Committee. 

7.  To  have  the  general  direction  of  publications. 

8.  To  manage  any  other  general  business  of  the  Association 
during  the  session,  and  during  the  interval  between  it  and  the  next 
meeting. 

9.  In  conjunction  with  four  from  each  Section,  to  be  elected 
by  the  Sections  for  the  purpose,  to  make  nominations  of  officers  of 
the  Association  for  the  following  meeting. 

10.  To  nominate  persons  for  admission  to  membership. 

11.  Before  adjourning,  to  decide  which  papers,  discussions,  or 
other  proceedings  shall  be  published. 
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OF  THB  ASSOCIATION.  XIX- 


SECTIOKS. 

Bole  5.  The  Association  shall  be  divided  into  two  Sections, 
and  as  many  sub-sections  as  may  be  necessary  for  the  scientific 
business.  When  not  otherwise  ordered  the  sub-sections  shall  be 
as  follows:  Section  A. —  (1)  Mathematics  and  Astronomy;  (2) 
Physics  and  Chemistry;  (8)  Microscopy.  Section  B. —  (1)  Zo- 
ology and  Botany ;  (2) Geology  and  Palaeontology  ;  (3)  Ethnology 
and  Archaeology.    The  two  Sections  may  meet  as  one. 

SECTIONAL     OFFICERS     AND     COMMITTEES. 

Rule  6.  On  the  first  assembling  of  the  Section,  the  members 
shall  elect  upon  open  nomination  a  permanent  Chairman  and  Sec- 
retary, also  three  other  members,  to  constitute  with  these  officers, 
a  Sectional  Committee. 

The  Section  shall  appoint,  from  day  to  day,  a  Chairman  to  pre- 
side over  its  meetings. 

Bcle  7.  It  shall  be  the  duty  of  the  Sectional  Committee  of 
each  Section  to  arrange  and  direct  the  proceedings  in  their  Sec- 
tion ;  to  ascertain  what  communications  are  offered  ;  to  assign  the 
order  in  which  these  communications  shall  appear,  and  the  amount 
of  time  which  each  shall  occupy. 

The  Sectional  Committees  may  likewise  recommend  subjects 
for  systematic  investigations  by  members  willing  to  undertake  the 
researches,  and  to  present  their  results  at  the  next  meeting. 

The  Sectional  Committee  may  likewise  recommend  reports  on 
particular  topics  and  departments  of  science,  to  be  drawn  up  as 
occasion  permits,  by  competent  persons,  and  presented  at  subse- 
quent meetings. 

REPORTS   OF    proceedings. 

Bulk  8.  Whenever  practicable,  the  proceedings  shall  be  reported 
by  professional  reporters,  or  stenographers,  whose  reports  are  to 
be  revised  by  the  Secretaries  before  they  appear  in  print. 

PAPERS   AND   COMMUNICATIONS. 

BuLE  9.  No  paper  shall  be  placed  in  the  programme,  unless 
admitted  by  the  Sectional  Committee;  nor  shall  any  be  read, 
unless  an  abstract  of  it  has  been  previously  presented  to  the  Secre- 
tary of  the  Section,  who  shall  furnish  to  the  Chairman  the  titles  of 
papers,  of  which  abstracts  have  been  received. 
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Rule  10.  The  aathor  of  any  paper  or  communication  shall 
be  at  liberty  to  retain  his  right  of  property  therein,  provided  he 
declare  such  to  be  his  wish  before  presenting  it  to  the  Associa- 
tion. 

Rcn.E  11.  Copies  of  all  communications,  made  either  to  the 
General  Association  or  to  the  Sections,  must  be  furnished  by  the 
authors ;  otherwise,  only  the  titles,  or  abstracts,  shall  appear  in 
the  published  proceedings. 

Rule  12.  All  papers,  either  at  the  general  or  in  the  sectional 
meetings,  shall  be  read,  as  far  as  practicable  in  the  order  in  which 
they  are  entered  on  the  books  of  the  Association ;  except  that 
those  which  may  be  entered  by  a  member  of  the  Standing  Com- 
mittee of  the  Association  shall  be  liable  to  postponement  by  the 
proper  Sectional  Committee. 

Rule  13.  If  any  communication  be  not  ready  at  the  assigned 
time,  it  shall  be  dropped  to  the  bottom  of  the  list,  and  shall 
not  be  entitled  to  take  precedence  of  any  subsequent  commu- 
nication. 

Rule  14.  No  exchanges  shall  be  made  between  members  with- 
out authority  of  the  respective  Sectional  Committees. 

general  and  evening  meetings. 

Rule  15.  The  Standing  Committee  shall  appoint  any  general 
meeting  which  the  objects  and  interests  of  the  Association  may 
call  for,  and  the  evenings  shall,  as  a  rule,  be  reserved  for  general 
meetings  of  the  Association. 

These  general  meetings  may,  when  convened  for  that  purpose, 
give  their  attention  to  any  topics  of  science  which  would  other- 
wise come  before  the  Sections. 

It  shall  be  a  part  of  the  business  of  these  general  meetings 
to  receive  the  Address  of  the  President  of  the  last  meeting ;  to 
hear  such  reports  on  scientific  subjects  as,  from  their  general  im- 
portance and  interest,  the  Standing  Committee  shall  select ;  also 
to  receive  from  the  Chairmen  of  the  Sections  abstracts  of  the  pro- 
ceedings of  their  respective  Sections ;  and  to  listen  to  communi- 
cations and  lectures  explanatory  of  new  and  important  discoveries 
and  researches  in  science,  and  new  inventions  and  processes  in  the 
arts. 
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OF   THE    ASSOCIATION.  XXI 


ORDER  OF   PROCEEDINGS   IK   ORGANIZING   A    MEETING. 

Rule  16.  The  Association  shall  be  called  to  order  by  the 
President  of  the  preceding  meeting ;  and  this  officer  having  re- 
signed the  chair  to  the  President  elect,  the  General  Secretary 
shall  then  report  the  number  of  papers  relating  to  each  depart- 
ment which  have  been  registered,  and  the  Association  consider  the 
most  eligible  distribution  into  Sections,  when  it  shall  proceed  to 
the  election  of  the  additional  members  of  the  Standing  Committee 
in  the  manner  before  described  ;  the  meeting  shall  then  adjourn, 
and  the  Standing  Committee,  having  divided  the  Association  into 
Sections  as  directed,  shall  allot  to  each  its  place  of  meeting  for 
the  session.  The  Sections  shall  then  organize  by  electing  their 
officers  and  their  representatives  in  the  Nominating  Committee, 
and  shall  proceed  to  business. 

PERMANENT   SECRETARY. 

Rule  17.  It  shall  be  the  duty  of  the  Permanent  Secretary 
to  notify  members  who  are  in  arrears,  to  provide  the  necessary 
stationery  and  suitable  books  for  the  list  of  members  and  titles  of 
papers,  minutes  of  the  general  and  sectional  meetings,  and  for 
other  purposes  indicated  in  the  rules,  and  to  execute  such  other 
duties  as  may  be  directed  by  the  Standing  Committee  or  by  the 
Association. 

The  Permanent  Secretary  shall  make  a  report,  annually,  to  the 
Standing  Committee,  at  its  first  meeting,  to  be  laid  before  the 
Association,  of  the  business  of  which  he  has  had  charge  since  its 
last  meeting. 

All  members  are  particularly  desired  to  forward  to  the  Perma- 
nent Secretary,  so  as  to  be  received  before  the  day  appointed  for 
the  Association  to  convene,  complete  titles  of  all  the  papers  which 
they  expect  to  present  during  its  meeting,  with  an  estimate  of  the 
time  required  for  reading  each,  and  such  abstracts  of  their  contents 
as  may  give  a  general  idea  of  their  nature. 

Whenever  the  Permanent  Secretary  notices  any  error  of  fact 
or  unnecessary  repetition,  or  any  other  important  defect  in  the 
papers  communicated  for  publication  in  the  "Proceedings"  of  the 
Association,  he  is  authorized  to  commit  the  same  to  the  author, 
or  to  the  proper  sub-committee  of  the  Standing  Committee  for 
correction. 
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LOCAL  OOMMITTEB. 

RuLK  18.  The  Local  Committee  shall  be  appointed  from  among 
members  residing  at,  or  near,  the  place  of  meeting  for  the  ensuing 
year ;  and  it  shall  be  the  duty  of  the  Local  Committee,  assisted  by 
the  officers,  to  make  arrangements  and  the  necessary  announce- 
ments for  the  meeting. 

The  Secretary  of  the  Local  Committee  shall  issue  a  circular  in 
regard  to  the  time  and  place  of  meeting,  and  other  particulars,  at 
least  one  month  before  each  meeting. 

SUBSCRIPTIONS. 

Rule  19.  The  amount  of  the  subscription,  at  each  meeting,  of 
each  member  of  the  Association,  shall  be  two  dollars,  and  one 
dollar  in  addition  shall  entitle  him  to  a  copy  of  the  ^^Proceedings" 
of  the  annual  meeting.  These  subscriptions  shall  be  received  by 
the  Permanent  Secretary,  who  shall  pay  them  over,  after  the  meet- 
ing, to  the  Treasurer. 

The  admission  fee  of  new  members  shall  be  five  dollars,  in 
addition  to  the  annual  subscription ;  and  no  person  shall  be  con- 
sidered  a  member  of  the  Association  until  this  admission  fee  and 
the  subscription  for  the  meeting  at  which  he  is  elected  have  been 
paid. 

Rule  20.  The  names  of  all  persons  two  years  in  arrears  for 
annual  dues  shall  be  erased  from  the  list  of  members ;  provided 
that  two  notices  of  indebtedness,  at  an  interval  of  at  least  three 
months,  shall  have  been  previously  given. 

ACCOUNTS. 

Rule  21.  The  accounts  of  the  Association  shall  be  audited, 
annually,  by  auditors  appointed  at  each  meeting. 

ALTERATIONS   OF    THE   CONSTITUTION. 

Rule  22.  No  article  of  this  Constitution  shall  be  altered,  or 
amended,  or  set  aside,  without  the  concurrence  of  three-fourths  of 
the  members  present,  and  unless  notice  of  the  proposed  changes 
shall  have  been  given  at  the  preceding  annual  meeting. 
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OF     A    PERMAKEMT      AND    PROSPECTIYB    CHARACTEB,     ADOPTED 
AUGUST  19,  1857. 


1.  No  appointment  may  be  made  in  behalf  of  the  Association, 
and  no  invitation  given  or  accepted,  except  by  vote  of  the  Asso- 
ciation or  its  Standing  Committee. 

2.  The  General  Secretary  shall  transmit  to  the  Permanent 
Secretary  for  the  files,  within  two  weeks  after  the  adjournment  of 
every  meeting,  a  record  of  the  proceedings  of  the  Association  and 
the  votes  of  the  Standing  Committee.  He  shall  also,  daily,  during 
the  meetings,  provide  the  Chairman  of  the  two  Sectional  Com- 
mittees with  lists  of  the  papers  assigned  to  their  Sections  by  the 
Standing  Committee. 

3.  All  printing  for  the  Association  shall  be  superintended  by 
the  Permanent  Secretary,  who  is  authorized  to  employ  a  clerk  for 
that  especial  purpose. 

4.  The  Permanent  Secretary  is  authorized  to  put  the  "  Proceed- 
ings "  of  the  meeting  to  press  one  month  after  the  adjournment  of 
the  Association.  Papers  which  have  not  been  received  at  that 
time  may  be  published  only  by  title.  No  notice  of  articles  not 
approved  shall  be  taken  in  the  published  ''  Proceedings". 

5.  The  Permanent  Chairmen  of  the  Sections  are  to  be  consid- 
ered their  organs  of  communication  with  the  Standing  Com- 
mittee. 

6.  It  shall  be  the  duty  of  the  Secretaries  of  the  two  Sections  to 
receive  copies  of  the  papers  read  in  their  Sections,  all  sub-sections 
included,  and  to  furnish  them  to  the  Permanent  Secretary  at  the 
close  of  the  meeting. 

7.  The  Sectional  Committees  shall  meet  not  later  than  nine,  a.  h., 
daily,  during  the  meetings  of  the  Association,  to  aiTange  the  pro- 
grammes of  their  respective  Sections,  including  all  sub-sections, 
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for  the  following  day.  No  paper  shall  be  placed  upon  these  pro- 
grammes which  shall  not  have  been  assigned  to  the  Section  by 
the  Standing  Committee.  Tlie  programmes  are  to  be  furnished 
to  the  Permanent  Secretary  not  later  than  eleven,  a.  h. 

8.  During  the  meetings  of  the  Association,  the  Standing  Com- 
mittee shall  meet  daily,  Sunday  excepted,  at  nine,  a.  m.,  and  the 
Sections  be  called  to  order  at  ten,  a.  m.,  unless  otherwise  ordered. 
The  Standing  Committee  shall  also  meet  on  the  evening  preceding 
the  first  assembling  of  the  Association  at  each  annual  meeting  to 
arrange  for  the  business  of  the  first  day  ;  and  on  this  occasion  three 
shall  form  a  quorum. 

9.  Associate  members  may  be  admitted  for  one,  two,  or  three 
years,  as  they  shall  choose  at  the  time  of  admission, — to  be  elected 
in  the  same  way  as  permanent  members,  and  to  pay  the  same  dues. 
They  shall  have  all  the  social  and  scientific  privileges  of  members, 
without  taking  part  in  the  business. 

10.  No  member  may  take  part  in  the  organization  and  business 
arrangement  of  both  the  Sections. 
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Abbe,  Prof.  Cleveland,  CincinDati,  Ohio  (16). 

Abbot,  Miss  Elizabeth  O.,  No.  10  Thomas  St.,  Providence,  R.  I.  (20). 

Adams,  Samuel,  Jacksonville,  111.  (18). 

Adcock,  Prof.  Robert  J.,  Monmonth,  Warren  Co.,  111.  (21). 

Addams,  Miss  S.  Alice,  Cedarville,  111.  (21). 

Agassiz,  Alexander,  Carator  Mas.  Comp.  Zoology,  Cambridge,  Mass.  (18). 

Aiken,  Prof.  W.  E.  A.,  Baltimore,  Md.  (12). 

Ainsworth,  Frank  B.,  Supt.  Ind.  House  of  Refbge,  Plainfleld,  Ind.  (20). 

Albert,  Augustus  J.,  Baltimore,  Md.  (12). 

Alexander,  John  S.,  1935  Arch  St.,  Philadelphia,  Penn.  (20). 

Alexander,  Prof.  Stephen,  Princeton,  N.  J.  (1). 

Allen,  Joel  A.,  Mus.  Comp.  Zool.,  Cambridge,  Mass.  (18). 

Allen,  J.M.,  Hartford,  Conn.  (22). 

Allen,  Zachariah.  Providence,  R.  I.  (1). 

Allyn,  Mrs.  Clarence,  Nyack  on  the  Hudson,  N.  T.  (22). 

Alvord,  Benjamin,  U.S.A.,  Paymaster  Gen.  Office,  Washington,  D.  C.  (17). 

Andrews,  Prof.  E.  B.,  Lancaster,  Ohio  (7). 

Andrews,  Dr.  Edmund,  Chicago,  111.  (22). 

Appleton,  Prof.  John  H.,  Brown  University,  Providence,  R.  I.  (22). 

Arthur,  J.  C,  Charles  City,  Iowa  (21). 

Atkinson,  Prof.  Wm.  K.,  41  East  Ninth  St.,  New  York  (22). 

Atwater,  Samuel  T.,  166  Washington  St.,  Chicago,  111.  (17). 

Atwater,  Mrs.  Samuel  T.,  166  Washington  St.,  Chicago,  111.  (17). 

Austin,  E.  P.,  Box  484,  North  Cambridge,  Mass.  (18). 

Avery,  Alida  C,  Poughkeepsie,  N.  Y.  (20). 

>The  numbers  in  pareDtheses  indicate  the  meeting  at  which  the  member  was  elected. 
When  no  address  is  given,  it  signifies  that  the  Hartford  Circular  has  been  returned 
through  the  mail  as  uncalled  for,  having  been  addressed  by  the  list  given  in  the  pre* 
ceding  volume. 
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B. 

Babcock,  George,  Sup't  Rensselaer  Iron  Works,  Troy,  N.  T.  (19). 

Babcock,  Henry  H.,  Principal  Chicago  Acad.  11 18th  St.,  Chicago,  111.  (17). 

Bacon,  Dr.  John,  Jr.,  Boston,  Mass.  (1). 

Bailey,  Prof.  Loring  W.,  University  of  Frederickton,  N.  B.  (18). 

Balrd,  Lyman,  90  La  Salle  St.,  Chicago,  111.  (17). 

Baird,  Prof.  S.  F.,  Smithsonian  Institution,  Washington,  D.  C.  (1). 

Baker,  Prof.  T.  R.,  Millersville,  Penn.  (22). 

Bnlch,  David  M.,  Salem,  Mass.  (22). 

Bannister,  Henry  M.,  Washington,  D.  C.  (17). 

Bardwell,  Prof.  F.  W.,  University  of  Kansas,  Lawrence,  Kan.  (13). 

Barker,  Prof.  G.  F.,  408  South  41st  St.,  Philadelphia,  Pa.  (18). 

Barnard,  F.  A.  P.,  President  Columbia  College,  New  York  (7). 

Barnard,  Gen.  J.  G.,  U.S.A.,  Army  Building,  New  York  (14). 

Barrett,  Moses,  Milwaukee,  Wis.  (21). 

Bartlett,  Frank  L.,  Hanover,  Me.  (22). 

Basnett,  Thomas,  Ottawa,  Hi.  (8). 

Bass,  George  F.,  336  North  Noble  St.,  Indianapolis,  Ind.  (21). 

Bassett,  George  W.,  Vandalla,  111.  (20). 

Batchelder,  Dr.  J.  H.,  Salem,  Mass.  (18). 

Batchelder,  John  M.,  No.  16  Pemberton  Sq.,  Boston,  Mass.  (8). 

Beach,  Myron  H.,  Dubuque,  Iowa  (21). 

Beach,  W.  H.,  Dubuque,  Iowa  (21). 

Bebb,  Michael  G.,  Fonntaindale,  Iowa  (21). 

Becker,  Dr.  Alexander  R.,  Providence,  R.  I.  (22). 

Bell,  James  D.,  Office  of  Dally  Graphic,  New  York  (20). 

Bell,  John  J.,  Exeter,  N.  H.  (22). 

Bell,  Samuel  N.,  Manchester,  N.  H.  (7). 

Benjamin,  E.  B.,  10  Barclay  St.,  New  York  (17). 

Bessey,  Prof.  C.  E.,  Agricultural  College,  Ames,  Iowa  (21), 

Bethune,  Rev.  Charles  J.  S.,  Port  Hope,  Canada  (18). 

Bickmore,  Prof.  Albert  S.,  Arsenal  Building,  6  Central  Park,  N.  Y.  (17). 

Bicknell,  Edwin,  Cambridge,  Mass.  (18). 

Bill,  Charles,  Springfield,  Mass.  (17). 

Blake,  Ell  W.,  New  Haven,  Conn.  (J). 

Blake.  Prof.  Ell  W.,  jr ,  Providence,  R.  I.  (16). 

Blatchford,  Ellphalet  W.,  Chicago,  III.  (17). 

Blodgctt,  James  H.,  Rockford,  111.  (21). 

Boadle,  John,  Haddonfleld,  N.  J.  (20). 

Bollea,  Rev.  E.  C,  Salem,  Mass.  (17). 

Bolton,  Dr.  H.  C,  49  West  61st  St.,  New  York  (17). 

Bontecou,  Dr.  R.  B.,  Troy,  N.  Y.  (19). 

Bouv6.  Thomas  T.,  Pres'l  Boston  Soc.  Nat.  History,  Boston,  Mass.  (1). 

Bowdltch,  Dr.  Heniy  I.,  118  Boylston  St.,  Boston,  Mass.  (2). 

Bowen,  Silas  T.,  Indianapolis,  Ind.  (20). 
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BoyntoD,  Miss  Snsan  P.,  Box  150,  Lynn,  Mass.  (19). 

Brackett,  Prof.  C.  F.,  College  of  New  Jersey,  Princeton,  N.  J.  (19). 

Bradley,  L.,  9  Exchange  Place,  Jersey  City,  N.  J.  (15). 

Breneman,  A.  A.,  Agricultural  College,  Lancaster,  Penn.  (20). 

Brevoort,  J.  Carson,  Brooklyn,  N.  Y.  (1). 

Brewer,  Prof.  W.  H.,  New  Haven,  Conn.  (20). 

Briggs,  Albert  D.,  Springdeld,  Mass.  (13). 

Briggs,  S.  A.,  Box  545,  Chicago,  111.  (17). 

Brigham,  Charles  H.,  Ann  Arbor,  Mich.  (17). 

Bross,  William,  Chicago,  111,  (7). 

Brown,  Robert,  jr.,  Office  Cincinnati  Gas  Light  Co.,  Cincinnati,  Ohio   (11). 

Brown,  Mrs.  Robert,  Jr.,  Cincinnati,  Ohio  (17). 

Brush,  Prof.  George  J.,  Yale  College,  New  Haven,  Conn.  (11). 

Bryan,  Oliver  N.,  Accokeek  P.  O.,  Prince  George's  Co.,  Md.  (18). 

Bryant,  Win.  M.,  Sup*t  City  Schools,  Burlington,  Iowa  (21). 

Bnckhout,  W.  A.  (20). 

Bnrbank,  L.  S.,  Woburn,  Mass.  (18). 

Burgess,  Miss  Abble  L.,  Western  Female  Sem.,  Oxford,  Ohio  (20). 

Burgess,  Edward,  Sec*y  Nat.  Hist.  Society,  Boston,  Mass.  (22). 

Burton,  H.  J.,  jr.,  Boston,  Mass.  (22). 

Bush,  Rev.  Alva,  Cedar  Valley  Sem.,  Osage,  Iowa  (21). 

Bush,  Stephen,  Waterford,  N.  Y.  (19). 

Bnshee,  Prof.  James,  Worcester,  Mass.  (9). 


Campbell, Mrs.  Mary,  Crawfordsvllle,  Ind,  (22). 

Carmichael,  Prof.  Henry,  Bowdoin  College,  Brunswick,  Me.  (21). 

Carpenter,  Prof.  G.  C,  Simpson  Centenary  College,  ludianola,  Iowa  (22). 

Carrier,  Joseph  C,  Notre  Dame,  Ind.  (20). 

Carrlngton,  Henry  B.,  Crawfordsvllle,  Ind.  (20). 

Case,  Leonard,  Cleveland,  Ohio  (15). 

Caswell,  Prof.  Alexis,  Providence,  R.  I.  (2). 

Cattell,  William  C,  President  Lafayette  College,  Easton,  Penn.  (16). 

Cbadboume,  Prof.  P.  A.,  Pres't  Williams  Coll.,  Williamstowu,  Mass.  (10). 

Chadeayne,  Miss  E.,  Jersey  City,  N.  J.  (22). 

Chamberlain.  T.  C,  Whitewater,  Wis.  (21). 

Chandler,  William  H.  (19). 

Chanute,  O.,  Chief  Engineer  Erie  Railway  Co.,  New  York  (17). 

Chapman,  F.  M.,  90  La  SaHe  St.,  Chicago,  111.  (17). 

Chase,  Prof.  Pliny  E.,  Havcrford  College,  Haverford,  Penn.  (18). 

Chase,  R.  Stuart,  16  Merrimack  St.,  Haverhill,  Mass.  (18). 

Chesbrough,  E.  8.,  Chicago,  111.  (2). 

Chickering,  Prof.  J.  W.,  jr..  Deaf  Mute  College,  Washington,  D.  C.  (22). 

Clark,  John  E.,  45  Clark  St.,  New  Haven,  Conn.  (17). 

Clarke,  Prof.  F.  W.,  Howard  University,  Washington,  D.  C.  (18). 

Coffin,  Prof.  John  H.  C,  U.  S.  N.,  Washington,  D.  C.  (1). 
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Coffin,  Prof.  Selden  J.,  Lafoyette  College,  Ea8tx)n,  Penn.  (22). 

Cofflnberry,  W.  L.,  Grand  Bapids,  Mich.  (20). 

Cogswell,  Dr.  George,  Bradford,  Mass.  (18). 

Colbert,  E.,  Chicago,  III.  (17). 

CoUett,  Hon.  John,  Newport,  Ind.(17). 

Collins,  Prof.  Alonzo,  Cornell  College,  Mount  Vernon,  Iowa  (21). 

Col  ton,  G.  Wool  worth  (22). 

Comstock,  Prof.  M.  L.,  Galesburg,  III.  (21). 

Conser,  Prof.  E.  P.,  Sand  Spring,  Iowa  (21). 

Cook,  Prof.  George  H.,  Lock  Box  6,  New  Brunswick,  N.  J.  (18). 

Cooke,  Caleb,  Peabody  Academy  of  Science,  Salem,  Mass.  (18). 

Cooley,  Prof.  Le  Roy  C,  N.  Y.  State  Normal  School,  Albany,  N.  T.  (19). 

Cope,  Prof.  Edward  D.,  Haddonfield,  N,  J.  (17). 

Copes,  Dr.  Joseph  S.,  care  Copes  &  Ogden,  New  Orleans,  La.  (11). 

Cornwall,  Prof,  Henry  B.,  College  of  New  Jersey,  Princeton,  N.  J.  (22). 

Cox,  Prof.  Edward  T.,  Indianapolis,  Ind.  (19). 

Cramp,  Dr.  J.  M.,  WoltVille,  N.  S.  (11). 

Crawford,  Dr.  John  S.,  Galena,  111.  (21). 

Crocker,  Charles  F.,  Lawrence,  Mass.  (22). 

Crocker,  Mrs.  Charles  F.,  Lawrence,  Mass.  (21). 

Cummlngs,  John,  "Wobum,  Mass.  (18). 

Cummlngs,  Rev.  Dr.  Joseph,  Pres't  Wesleyan  UnW.,  Middletown,  Ct.  (18). 

Curtis,  Dr.  Josiah,  Ebbitt  House,  Washington,  D.  C.  (18). 

Curtis,  Rev.  Dr.  W.  S.,  Rockford,  III.  (21). 

Cutting,  Dr.  Hiram  A.,  Lunenburg,  Vt.  (17). 

D. 

Dall,  Mrs.  Caroline  H.,  141  Warren  Ave.,  Boston,  Mass.  (18). 

Dall,  William  U.,  Box  1869,  San  Francisco,  Cal.  (18). 

Dalrymple,  Rev.  Dr.  E.  A.,  Baltimore,  Md.  (1). 

Dana,  Prof.  James  D.,  New  Haven,  Conn.  (1). 

Danforth,  Edward,  Department  of  Public  Instruction,  Albany,  N.  Y.  (11). 

Darby,  Prof.  John,  Wesleyan  University,  Millersburg,  Ky,  (21). 

Davenport,  Mrs.  M.  G.,  Oskaloosa,  Iowa  (21). 

Davis,  James,  117  State,  corner  of  Broad  St.,  Boston,  Mass.  (1). 

Dawson,  Dr.  J.  W.,  Principal  McGill  College,  Montreal,  Can.  (10). 

Day,  Dr.  F.  H.,  Wauwatosa,  Wis.  (20). 

Dean,  George  W.,  Fall  River,  Mass.  (16). 

DeCamp,  Dr.  William  H.,  Grand  Rapids,  Mich.  (21). 

Delano,  Joseph  C,  New  Bedford,  Mass.  (5). 

DeLaskl,  Dr.  John,  Carver's  Harbor,  Me.  (18). 

Devereux,  J.  H.,  Mich.  Southern  Railway,  Cleveland,  Ohio  (18). 

Dimmock,  George,  Springflield,  Mass.  (22). 

Dinwiddle,  Robert,  113  Water  St.,  New  York  (1). 

Dixwell,  Epes  S.,  Cambridge,  Mass.  (1). 

Dodd,  C.  M.,  Wllllamstown,  Mass.  (19). 
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Bodge/Cbarles  R.,  Washington,  D.  C.  (22). 

Doggett,  Wm.  E.,  Chicago,  111.  (17). 

Doggett,  Mrs.  Wm.  E.,  Chicago,  HI.  (17). 

Dolbear,  A  Emerson,  Bethany,  West  Va.  (20). 

Doaghty,  John  W.,  Newbargh,  N.  Y.  (19). 

Downer,  Henry  E,,  Detroit,  Mich.  (81). 

Drowne,  Charles,  Rensselaer  Polytechnic  Institute,  Troy,  N.  Y.  (6), 

Dmmmond,  Joslah  H.,  Portland,  Me.  (22). 

Duncan,  Dr.  T.  C,  287  West  Randolph  St.,  Chicago,  111.  (17). 

Dyer,  Clarence,  Lawrence,  Mass.  (22). 

Dyer,  Ellsha,  87  Westminster  St.,  Providence,  R.  I.  (9). 
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Eaton,  Prof.  T.  G.,  Packer  Institute,  Brooklyn,  N.  Y.  (19). 

Eaton,  Prof.  James  H.,  Belolt  College,  Belolt,  Wis.  (17). 

Edgar,  George  M.,  Pres*t  Franklin  Female  College,  Franklin,  Ky.  (20). 
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Read,  Ezra,  Terre  Haute,  Ind.  (20). 

Redfleld,  John  H.,  care  of  A.  Whitney  &  Sons,  Philadelphia,  Penn.  (1). 

Remsen,  Prof.  Ira,  Williams  College,  Wllllamstown,  Mass.  (22). 
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Sheldon.  Edwin  H.,  Chicago,  III.  (17). 
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PORTLAND  MEETING. 


One  hundred  and  ten  members  were  elected  at  the  Portland  meeting. 
Of  these,  ninety- seven  have  paid  the  admission  fee  and  assessment  for  the 
meeting  and  their  names  have  been  incorporated  into  the  List  of  Members. 
One  has  declined,  and  the  following  have  not  yet  replied  to  the  notifica- 
tions sent  to  them. 

Barton,  Charles  H.,  Saperintendent  Schools,  Plymouth,  Mass. 

Chace,  Arnold  B.,  Valley  Falls,  R,  L 

Davis,  William  T„  Plymouth,  Mass. 

Hayes,  Rev.  Charles  W.,  Portland,  Me. 

Eingsbary,  Hon.  Benjamin,  Jr.,  Portland,  Me. 

Mulr,  John,  Tosemite,  Cal. 

Neely,  Rt.  Rev.  Henry  A.,  Portland,  Me. 

Schwarz,  Rev.  Louis  B.,  Boston,  Mass. 

Smith,  Louis  B.,  Portland,  Me. 

Snyder,  Dr.  John  F.,  Virginia,  Cass  Co.,  III. 

Whitaker,  Nelson  Bowen,  Providence,  R.  I. 

Wildes,  Rev.  Dr.  George  D.,  New  York,  N.  Y. 
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Adams,  C.  B.,  Amherst,  Mass.  (1). 
Adams,  Edwin  F.,  Cbarlestown,  Mass.  (18). 
Agassiz,  Louis,  Cambridge.  Mass.  (1). 
Ames,  M.  P.,  Springfield,  Mass.  (1). 
AppletOD,  Nathan,  Boston,  Mass.  (1). 

Bache,  Alexander  D.,  Washington,  D.  C.  (1). 
Bailey,  J.  W.,  West  Point,  N.  Y.  (1). 
Beck,  C.  F.,  Philadelphia,  Penn.  (1). 
Beck,  Lewis  C,  New  Brunswick,  N.  J.  (1). 
Beck,  T.  Romeyn,  Albany,  N.  Y.  (1). 
Binney,  Amos,  Boston,  Mass.  (3). 
Binney,  John,  Boston,  Mass.  (1). 
Blanding,  William,  R.  I.  (1). 
Blatchley,  Miss  S.  L.,  New  Haven,  Conn.  (19). 
Boraford,  George,  Washington,  D,  C.  (^1). 
Burnap,  G.  W.,  Baltimore,  Md.  (12). 
Burnett,  Waldo  I.,  Boston,  Mass.  (1). 
Butler,  Thomas  B.,,Norwalk,  Conn.  (10). 

Carpenter,  Thornton,  Camden,  S.  C.  (7). 
Carpenter,  William  M.,  New  Orleans,  La.  (1). 
Case,  William,  Cleveland,  Ohio  (6), 
Chapman,  N.,  Philadelphia,  Pa.  (1). 
Chase,  S.,  Dartmouth,  N.  H.  (2). 
Chauvenet,  William,  St.  Louis,  Mo.  (1). 
Clapp,  Asahel,  New  Albany,  Ind.  (1). 
Clark,  Joseph,  Cincinnati,  Ohio  (6). 
Cleveland,  A.  B.,  Cambridge,  Mass.  (2). 
Cofilu,  Prof.  James  H.,  Easton,  Penn.  (1)* 
Cole,  Thomas,  Salem,  Mass.  (1). 
Coleman,  Henry,  Boston,  Mass.  (1). 
Corning,  Erastus,  Albany,  N.  Y.  (6). 
Crosby,  Thomas  R.,  llanover,  N.  H.  (18). 

Dean,  Amos,  Albany,  N.  Y.  (G). 
Dearborn,  George  H.  A.  S.,  Roxbury,  Mass.  (1). 
Dekay,  James  E.,  New  York  (1). 
Dewey,  Chester,  Rochester,  N.  Y.  (1). 
(xlii) 
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Dexter,  6.  M.,  Boston,  Mass.  (11). 
Ducatel,  J.  T.,  Baltimore,  Md.  (1). 
Dnmont,  A.  H.,  Newport,  R.  I.  (14). 
Duncan,  Lucius  C,  New  Orleans,  La.  (10). 
Dann,  R.  P.,  Providence,  R.  I.  (14). 

Everett,  Edward,  Boston,  Mass.  (2). 

Swing,  Hon.  Thomas,  Lancaster,  Ohio  (6). 

Ferris,  Rev.  Dr.  Isaac,  New  Yorlt  (6). 

Fisher,  Mark,  Trenton,  N.  J.  (10). 

Fitch,  Alexander,  Hartford,  Conn.  (1). 
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ADDRESS 


OF 


DR.   J.   LAWRENCE    SMITH, 


THB   RETIRIMQ   PRESIDBNT   OF  THE  ASSOCIATION. 


Fellow  Associates  : — ^We  meet  again,  at  a  point  far  distant 
from  the  one  where  we  gathered  last  year,  to  interchange  social 
greetings  and  scientific  thoughts,  and  to  form  plans  for  future 
labor  and  usefulness.  Fifteen  hundred  miles  divide  Dubuque  from 
Portland,  as  the  bird  flies,  and  j^et  that  extent  of  country  and 
much  more  are  all  our  own.  Its  living  and  its  dead  treasures,  with 
its  rocks  and  its  soil,  furnish  our  men  of  science  abundant  study 
from  which  to  draw  rich  stores  of  knowledge,  and  to  direct  the 
capital  of  the  country  to  new  sources  of  wealth. 

As  the  members  of  the  American  Association  for  the  Advance- 
ment of  Science  hold  their  session  for  a  few  days  only,  and 
occupy  a  portion  of  their  time  in  interchange  of  social  greetings 
among  themselves  and  with  the  inhabitants  of  the  city  where  they 
meet,  that  critical  examination  of  papers  communicated  to  the 
Association  cannot  be  entered  upon  that  otherwise  would  be,  nor 
can  the  length  of  the  communications  and  discussions  be  easily 
limited.  In  fact,  while  it  would  be  desirable  to  supervise  these 
matters  more  fully,  such  supervision  is  surrounded  with  so  many 
difficulties  that  those  whose  business  it  is  are  forced  to  content 
themselves  with  an  imperfect  discharge  of  their  duty. 
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This  too  often  gives  rise  to  unjust  criticisms  on  the  part  of  the 
press,  whose  reporters  attend  the  meetings  with  the  same  views  as 
those  with  which  they  would  enter  a  learned  body  of  scientific 
men,  who  meet  at  stated  periods,  with  short  intervals,  and  where 
both  time  and  sound  criticism  are  bestowed  upon  such  investiga- 
tions as  are  communicated. 

The  meeting  of  this  Association  is,  in  some  sense,  to  be  regarded 
as  an  annual  scientific /e7e,  where  the  interchange  of  ideas  outside 
the  audience-room  suggests  as  much,  if  not  more,  stern  matter 
for  reflection  as  the  communications  which  may  be  read  ;  minds 
that  have  been  on  the  stretch  during  the  year  are  relaxed,  and 
fresh  pabulum  and  new  vigor  are  furnished  for  the  coming  year. 

It  sometimes  happens  that  many  persons  whoattend  our  meetings 
gather  from  them  erroneous  impressions  as  to  what  the  scientific 
men  of  the  country  are  doing,  and  go  away  questioning  themselves 
whether  or  not  scientific  societies  and  associations  have,  after  all, 
done  much  for  science ;  and  conclude  that  while  the  men  forming 
them  have  made  many  important  investigations,  and  published 
them  for  the  benefit  of  succeeding  ages,  it  is  to  practical  and  obscure 
persons  that  the  world  is  indebted  for  its  great  discoveries. 

I  allude  to  this  here,  as  it  is  but  recently  that  I  have  seen  this 
assertion  made  in  an  article  calculated  to  attract  the  attention  of 
the  masses,  and  the  author  of  that  article  illustrates  the  fact  by 
citing  Clarke,  Fulton  and  Morse.  Now,  while  all  honor  is  due  to 
those  men  of  skill  and  genius,  I  would  ask — What  gave  them  the 
fulcrums  on  which  they  placed  their  levers,  by  which  they  have 
wrought  so  much  in  practical  science  and  the  arts  of  life?  It  was 
pure  science.  Without  its  aid  Clarke's  practical  skill  would  have 
failed  him  in  constructing  his  huge  astronomical  lenses ;  it  is  to 
the  experiments  on  latent  heat  in  the  laboratory  of  Black  that  we 
owe  the  present  steam-engine,  and  without  which  Fulton  would 
never  have  ruffled  the  water  of  our  rivers  nor  stemmed  the  winds 
of  the  ocean ;  and  without  the  scientific  thought  and  the  grand, 
though  inconspicuous,  experiments  of  Galvani,  Volta,  Oersted, 
Faraday,  Henry  and  others,  no  one  would  have  ever  dreamed  of 
making  a  swift  messenger  of  the  lightning. 

My  thoughts  on  this  subject  have  Ud  me  to  reflect  much  upon 
scientific  training  in  this  country,  for  those  wishing  to  pursue 
science  as  a  profession  as  well  as  for  those  desiring  it  only  for 
general  education. 
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There  are,  no  doubt,  serious  errors  in  the  scientific  training 
that  students  undergo  at  our  various  universities  and  schools, 
which  are  too  much  in  the  habit  of  making  short  cuts  in  going 
over  the  fields  of  science.  We  are  in  fact  a  fast  people,  as  it  is 
commonly  expressed,  and  are  not  content  to  devote  patient  and 
laborious  study  to  pursuits  that  can  be  mastered  only  in  that  way. 
A  short  time  ago,  a  physician  writing  on  this  same  error  in  rela^ 
tion  to  his  profession  justly  said  that,  while  we  have  shortened 
distance  by  the  railroad  and  the  telegraph,  the  road  to  learning  is 
the  same  as  it  was  in  the  days  of  Socrates  and  Plato. 

The  student  is  restless  to  become  instructor,  the  lecture -room 
enticing  him  from  his  studies  before  they  are  half  mastered  ;  con- 
sequently his  instruction  to  others  is  both  meagre  and  imperfect. 

Our  vast  material  interests  draw  the  students  from  their  labora- 
tories to  undertake  the  conducting  of  mines  and  other  important 
works.  The  consequence  is,  bad  economy  reigns  in  most  of  them ; 
and  if  it  were  not  for  the  patient  submission  of  the  people  of  this 
country  to  high  prices,  many  an  enterprise  would  have  to  suspend 
operations. 

But  it  is  at  the  door  of  the  educational  Institutions  themselves 
that  the  greatest  blame  is  to  be  placed.  First  of  all,  our  univer- 
sities (or  rather  our  so-called  universities)  are  too  numerous. 
Nowadays  every  college  must  have  a  scientific  school  attached, 
else  it  is  not  thought  complete ;  and  the  number  of  professors 
comi^etent  to  fill  the  scientific  chairs  in  all  these  institutions  could 
not  be  easily  supplied  in  this  country.  Were  it  possible,  it  would 
be  far  better  to  have  fewer  scientific  schools ;  to  establish  them 
on  the  broadest  basis,  with  most  liberal  endowments,  so  that  in- 
struction could  be  imparted  at  some  mere  nominal  cost  to  the 
student;  to  make  their  examinations  of  such  a  standard  that 
the  endorsement  of  these  several  schools  would  be  a  passport  to 
the  bearer  of  it  wherever  he  might  seek  for  employment  in  pure 
science  or  in  its  applications ;  and,  furthermore,  by  a  system  of 
well-endowed  scholarships,  to  retain  those  specially  gifted  with 
taste  and  talent  for  pure  science  to  devote  their  first  years  to 
labor  in  that  direction.  Owing  to  these  defects  in  our  system  of 
scientific  education,  American  science  is  frequently  reproached  as 
being  very  deficient  in  pure  and  patient  research. 

Now,  while  admitting  that  our  scientists  have  fallen  short  of 
what  might  have  been  expected  of  them,  no  one  can  deny  that  a 
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vast  amonnt  of  scientific  labor  has  been  accomplished  in  this 
country  from  the  time  of  Franklin  to  the  present  day  ;  and  in  the 
application  of  science  to  the  arts  we  are  not  far  behind  the  most 
advanced  nations  of  our  own  time. 

I  know  that  American  scientists  are  looked  upon  by  their  Eu- 
ropean colleagues  as  in  some  sense  piratical  in  their  nature,  sim- 
ply capturing  the  hard-earned  labors  of  others,  applying  the  great 
truths  and  discoveries  in  science  that  others  have  brought  to  light, 
and  not  evolving  them  by  hard  and  laborious  study  and  experi- 
ment. This  is  to  some  extent  true,  for  the  labors  required  of  our 
professors,  who  have  educated  and  trained  minds,  in  the  countless 
colleges  that  dot  the  land,  are  so  onerous  that  no  time  is  given 
them  for  the  exercise  of  original  thought  and  investigation. 

What  can  aphysiciat,  a  chemist  or  a  naturalist,  do  who  has  three 
or  four  classes  to  teach,  usually  in  the  most  elementary  part  of 
their  studies?  This  very  labor  unfits  him  for  that  free  exercise  of 
the  mind  which  leads  to  new  ideas  and  discoveries.  He  becomes  an 
educational  drudge  instead  of  an  intellectual  scientist;  and  what- 
ever his  intrinsic  merits  may  be,  he  is  in  most  cases  sustained 
pecuniarily,  no  better  than  those  engaged  in  tlie  commonest  pur- 
suits of  life,  being  at  the  same  time  restricted  in  intellectual  re- 
sources— such  as  books,  scientific  transactions,  apparatus,  ete. 

I  will,  however,  just  here  make  one  other  plea  for  our  men  of 
science  against  any^  unjust  comparison  with  those  across  the  At- 
lantic. It  is  this.  Our  country  is  a  new  one,  of  most  peculiar  and 
wonderful  features  of  surface,  of  soil  and  of  climate,  and  of  un- 
told and  fabulous  wealth  within  its  bowels  ;  it  beckons  every  man 
to  fortune ;  and  with  such  ease  are  wealth  and  honors  snatched 
from  its  overflowing  lap  that  even  men  who  love  and  honor 
science  are  drawn  off  their  direct  paths  into  by-ways  and  other 
pursuits,  and  too  often  leave  behind  them  the  scientific  toga,  which 
is  never  again  assumed.  In  Europe  it  is  otherwise  ;  no  tempta- 
tions of  this  kind  beset  the  scientist,  and  he  delves  into  scientific 
lore,  acquiring  great  ideas  and  telling  them  to  the  world,  exciting 
their  wonder ;  and  even  then  the  honors  they  acquire  only  bind 
them  faster  to  their  closets,  for  they  are  not  tempted  as  we  are. 

In  later  3'ears  the  liberality  of  wealthy  patrons  of  learning  and 
science  has  done  much  to  advance  pure  science  in  this  country  by 
enabling  the  young  and  enthusiastic  pursuers  after  nature's  secrets 
to  give  full  scope  to  their  tastes,  and  thus  has  opened  to  them  new 
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fields  of  research  so  enticing  that  their  entire  lives  may  become 
absorbed  in  them.  Tliis  is  increasing  every  day  in  our  country, 
and  before  very  long  tliere  will  be  such  inducements  offered  to  her 
greater  minds  to  devote  their  lives  to  pure  science  that  America 
will  become  as  prolific  as  Europe  in  new  scientific  ideas  and  dis- 
coveries. 

Let  us  ever  bear  in  mind  that  it  is  abstract  scientific  ideas  which 
underlie,  in  these  modern  days,  all  discoveries  conducive  to  man's 
progress,  from  the  making  of  a  pen  to  tlie  construction  of  a  tele- 
scope ;  or,  as  Herbert  Spencer  well  expresses  it,  "each  machine 
is  a  theory  before  it  becomes  a  concrete  fact."  The  man  of  pure 
science  paves  the  way,  erects  the  mile-stones,  and  puts  up  the 
guide-post  for  the  practical  man.  The  world,  long  dormant  to 
this  great  truth,  is  fast  waking  up  to  its  acknowledgment ;  as 
those  words  Cui  bono?  (the  touch-stone  used  by  the  so-called 
practical  men)  are  only  heard  now  in  faint  wispers,  where  they 
were  formerly  sounded  most  clamorously  whenever  any  scientific 
discovery  was  announced.  • 

This  does  not  arise  from  any  change  in  men  ;  they  are  the  same 
now  as  they  were  in  the  days  of  Galvani,  who  was  doubtless  re- 
garded as  a  frivolous  fellow,  engaged  in  his  daily  experiments  over 
the  convulsions  of  the  muscles  in  a  frog's  leg  when  brought  in  con- 
tact with  two  metals ;  but,  while  mankind  has  not  changed,  Gal- 
vani's  experiment  has,  and  instead  of  a  frog,  it  is  now  a  world 
that  is  convulsed  by  the  electric  force  then  discovered,  as  this 
same  electricity  flashes  through  those  nerves  of  metal  that  stretch 
across  land  and  river  and  bury  themselves  deep  beneath  the  oceans 
of  our  globe ;  battles  are  fought,  victories  announced,  commerce 
controlled,  and,  I  am  sorry  to  say,  tyranny  abetted,  by  that  won- 
derful agent  whoso  phenomena  in  their  incipiency  invited  the  ridi- 
cule of  the  ordinary  observer. 

Science  at  the  present  day  commands  the  respect  of  the  world  ; 
nations,  looking  up  to  it,  seek  its  advice  at  all  times,  and  move 
in  no  material  enterprises  without  consulting  its  oracles ;  yellow- 
covered  literature  is  beginning  to  find  a  rival  in  well-conducted 
popular  scientific  journals  and  popular  treatises  on  the  various 
branches  of  science. 

As  an  association  of  American  scientists,  we  are  looked  upon 
as  men  representing  science  in  all  its  bearings  upon  the  physical 
and  mental  world,  and  some  even  go  so  far  as  to  suppose  that  we 
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would  arrogate  to  represent  its  bearings  equally  upon  the  spiritual 
world.  Tbis  being  the  case,  it  behooves  us  to  guard  well  our 
thoughts,  words  and  acts,  lest  they  do  science  and  ourselves  injus- 
tice, and  misrepresent  both  nature  and  nature's  God. 

We  are  all  searchers  after  truth  :  but  let  us  be  careful  that  we 
do  not  mistake  what  truth  is,  and  be  beguiled  into  following  some 
fatal  error  which  has  simply  borrowed  the  garb  of  truth,  and  com- 
pletely enveloped  itself  in  it,  so  as  to  hide  its  own  deformity. 
Error  has  often  glimmer  enough  to  dazzle  the  sickly  eye  of  the 
enthusiast ;  truth  itself  shines  with  sufficient  brightness  to  be  seen 
by  the  most  jealous  among  scientists. 

While  it  would  not  be  out  of  place  to  review  the  activity  of 
American  science  for  the  benefit  of  the  general  public,  yet  it 
would  occupy  too  much  time,  and  I  will  merely  refer  to  it  to  show 
that  our  Government  is  fully  alive  to  the  value  of  well-directed 
scientific  labors.  The  Government  never  hesitates  to  encourage 
the  most  thorough  inA'estigations  by  scientific  men  into  all  matters 
that  are  likely  to  benefit  the  people  or  advance  those  great  scientific 
investigations  which  are  of  a  more  abstract  character.  Witness 
the  care  and  liberality  with  which  it  encourages  that  corps  of  scien- 
tists engaged  in  the  gigantic  enterprise  of  the  coast  survey  in  all 
its  various  departments ;  its  liberal  appropriation  of  money  and 
means  for  the  observation  of  those  great  astronomical  phenom- 
ena, such  as  solar  eclipses,  the  transit  of  Venus,  etc.,  which,  while 
they  may  not  be  attended  with  any  immediate  material  advantage 
to  the  Government,  yet  serve  to  instruct  our  people  in  those 
higher  and  nobler  aspirations  after  great  natural  truths  which 
must  inevitably  result  in  unfolding  to  us  the  riches  of  our  land, 
teeming  with  every  diversified  beauty  of  mountain,  valley,  and 
plain,  seas,  lakes,  and  rivers,  and,  beneath  her  surface,  with  all  the 
variety  of  wealth  that  nature  seems  to  have  been  able  to  produce. 
While  the  older  portions  of  the  world  are  making  serious  calcula- 
tions, and  even  looking  forward  with  gloomy  forebodings  to  the 
time  when  their  soil  and  recks  will  cease  to  give  wealth  to  toil,  our 
soil  and  our  rocks  are  but  just  being  turned  up  to  reveal  wealth 
tenfold  greater  than  the  world  ever  knew  before.  But  in  the  midst 
of  all  this  abundance  let  us  feel  assured  of  one  thing ;  it  is  so  placed 
that  no  sluggard  can  stretch  forth  his  hand  and  partake  of  it. 

The  wealth  of  America  means  toil.  And  perhaps  in  this  we 
are  even   more   blessed  than  we  sometimes  are  disposed  to  think : 
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for  from  the  rich  soil  which  covers  such  a  vast  proportion  of  our 
country,  some  of  the  states  of  which,  like  Illinois,  with  55,000 
square  miles  of  surface,  have  hardly  a  barren  acre,  yet  we  can 
pluck  nothing ;  it  is  not  like  the  tropical  forest,  from  which  the 
indolent  natives  may  gather  their  food,  and  live  a  life  of  inertia 
almost  akin  to  that  of  the  beasts  that  wander  through  its  rich 
foliage.  In  this  country  the  arm  must  be  stretched  forth,  the 
forest  felled,  the  ground  ploughed,  provision  made  against  the 
inclemency  of  varying  seasons,  but  when  this  is  done  what  a 
glorious  return  !  —  rich  and  luxuriant  crops,  abundant  harvests. 
Then,  by  the  numerous  navigable  streams  and  favorable  surface 
for  roads,  a  ready  market  is  afforded  for  the  farmer's  surplus.  And 
when  we  go  beneath  the  soil  and  mine  the  rock  it  is  not  only 
the  uncertain  gold  and  silver,  but  the  sure  coal  and  iron  that 
reward  toil,  and  from  the  very  nature  of  the  labor  improve  those 
engaged  in  it. 

As  followers  and  patrons  of  science  we  must  keep  in  view  the 
wants  and  wishes  of  the  people.  Sometimes  the  people  them- 
selves, as  well  as  their  representatives,  are  slow  to  appreciate 
our  labors ;  but  experience  has  proved  that  they  give  way  at  last 
to  the  patient  and  judicious  perseverance  of  men  of  science,  who 
in  some  way  or  other  show  that  they  are  not  mere  abstractionists, 
but  that  what  they  do  has  practical  bearings,  and  therefore  renders 
the  people  more  powerful  both  at  home  and  abroad.  Science  fur- 
nishes, so  to  speak,  the  raw  material  out  of  which  all  the  progress 
of  modern  nations  is  constructed.  To  use  the  words  of  one  of  our 
Nestors  of  science  :  "It  is  only  in  recent  times  that  the  value  of 
scientific  research  began  to  be  felt ;  and  I  hope  to  live,  old  as  I 
am,  long  enough  to  see  the  community,  the  enlightened  commu- 
nity which  has  become  my  second  fatherland,  appreciate  what 
science  is  doing  for  the  general  prosperity,  and  then  contribute  to 
the  necessities  of  science  with  that  generous  liberality  which  char- 
acterizes the  acts  of  American  people." 

Thus  much  has  been  said  in  reference  to  science  in  America, 
acknowledging  our  shortcomings  and  attempting  to  correct  cer- 
tain erroneous  impressions,  both  in  America  and  abroad,  in  regard 
to  the  labor  of  scientists  in  this  country.  It  may  appear  an  at- 
tempt on  my  part  to  urge  undue  excuses ;  such  certainly  is  far 
from  my  intention,  which  is  to  do  simple  justice  to  those  prose- 
cuting science  under  more  or  less  disadvantageous  circumstances. 
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I  now  pass  to  the  second  part  of  my  discourse  — the  methods 
of  modern  science  —  the  caution  to  be  observed  in  pursuing  it, 
if  we  do  not  wish  to  pervert  its  end  by  too  confident  assertions 
and  deductions. 

It  is  a  very  common  attempt  nowadays  for  scientists  to  tran- 
scend the  limits  of  their  legitimate  studies  ;  and  in  doing  this  they 
run  into  speculations  apparently  the  most  unphilosophical,  wild 
and  absurd  ;  quitting  the  true  basis  of  inductive  philosophy,  and 
building  up  the  most  curious  theories  on  little  else  than  assertion : 
speculating  upon  the  merest  analogy ;  adopting  the  curious  views 
of  some  metaphysicians,  like  Edward  Von  Hartmanu  ;  striving  to 
work  out  speculative  results  by  the  inductive  method  of  natural 
science.  To  me  this  appears  a  perversion  of  Bacon's  philosophy^, 
and  we  cannot  wonder  that  one  adopting  such  views,  whatever  his 
claim  to  genius  may  be,  soon  cuts  loose  from  all  physical  reason- 
ing and  becomes  involved  in  the  most  transcendental  and  to  all 
appearances  absurd  opinions,  which,  however  clear  to  the  author, 
are  strange  and  unintelligible  toothers:  and  if  at  anyone  time 
we  believe  we  have  caught  the  conception  of  the  author,  this 
impression  is  only  momentary,  and  we  give  up  in  despair,  realiz- 
ing that  we  cannot  follow  his  intellectual  ecstasies :  for  in  the 
language  of  Tyndall,  they  are  even  ''unthinkable."  Those  en- 
gaged in  such  speculations  are  very  commonly  found  in  bitter 
conflict  with  each  other,  forcing  on  us  the  belief  of  the  saying  of 
D'Alembert  that  "  when  absurd  opinions  become  inveterate  it 
sometimes  becomes  necessary  to  replace  them  by  other  errors,  if 
nothing  better  can  be  done.  " 

This  extreme  metaphysical  philosophy  is  referred  to  for  the  rea- 
son that  many  scientists,  ranking  as  sober,  earnest  laborers  after 
truth,  are  caught  dealing  in  such  philosophy  in  their  method  of 
investigation,  and  sometimes,  quite  unconsciously  to  themselves, 
forgetting  that  "science  is  only  an  accurate  record  of  the  proc- 
esses of  nature ;  that  its  laws  are  only  generalizations  of  its 
observations,  and  not  a  declaration  of  an  inherent  necessity ; 
and  that  one  of  its  observations  is  the  uniformity  of  natural 
sequence." 

I  am  one  of  those  who  believe  that  everything  must  give  way 
to  the  laws  of  nature  :  but  then  we  must  master  these  laws,  and  be 
sure  that  we  have  done  this  before  either  interpreting  phenomena 
by  them  or  venturing  into  the  realm  of  speculation. 
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As  has  been  already  remarked,  men  are  to-day  just  what  tbey 
have  ever  been.  As  bright  intellects  and  as  great  philosophers 
lived  two  or  three  thousand  years  ago  as  do  now ;  their  minds 
sought  out  the  same  great  truths  that  we  are  searching  for  in 
these  days,  and  they  sought  for  them  by  the- lights  with  which 
they  were  surrounded.  In  those  earlier  ages  poetry,  sculpture, 
architecture,  and  even  some  facts  belonging  to  natural  history 
(things  that  belonged  either  to  the  imagination  or  to  the  eye) 
arrived  at  as  high  a  degree  of  perfection  as  perhaps  they  ever 
will ;  for  the  two  senses  which  appreciate  the  ideal  and  the  real 
were  as  perfect  then  as  now. 

But  when  man  was  called  upon  to  labor  in  fields  where  the  im- 
agination  and  the  eye  aided  him  but  little  or  not  at  all,  then  the 
discoveries  in  these  fields  and  their  interpretations  called  for  other 
means  for  arriving  at  results.  In  modern  days  we  attempt  to  be 
guided  by  the  clear  light  of  inductive  reasoning  which  we  may 
think  we  are  employing,  when  too  often  it  is  the  very  smoky  torch 
of  analogy  that  is  being  used  ;  and  this  fact  serves  to  explain  why 
it  is  that  some  of  the  most  brilliant  philosophers  of  compara* 
tively  modern  days  are  only  remembered  by  their  names — as,  for 
example  the  great  French  philosopher  Descartes,  whom  Dugald 
Stewart  says  'Ms  much  better  known  to  the  learned  of  our  day  by 
the  boldness  of  his  exploded  errors  than  by  the  profound  and  im- 
portant truths  contained  in  his  works." 

And  such  an  example  as  this  is  of  great  value  to  the  reflective 
mind,  teaching  caution,  and  demonstrating  the  fact  that,  while  the 
rules  by  which  we  are  guided  in  scientific  research  are  far  in  ad- 
vance of  those  of  ancient  days,  we  must  not  conclude  that  tbey 
^  are  perfect  by  any  means.  In  our  modern  method  of  investigation 
how  many  conspicuous  examples  of  deception  we  have  had  in  pur- 
suing even  the  best  method  of  investigation  !  Take,  for  instance, 
the  science  of  geology  from  the  time  of  Werner  to  the  present 
day.  While  we  always  thought  we  had  the  true  interpretation  of 
the  structural  phenomena  of  the  globe  as  we  progressed  from  year 
to  year,  yet  how  vastly  different  are  our  interpretations  of  the 
present  day  from  what  they  were  in  the  time  of  Werner  I  In 
chemistry  the  same  thing  is  true.  How  clearly  were  all  things 
explained  to  the  chemist  of  the  last  century  by  the  doctrine  of 
Phlogiston  which  in  the  present  century  receives  no  credence,  while 
chemical  phenomena  are  now  viewed  in  an  entirely  different  light  I 
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Lavoisier,  in  the  latter  part  of  the  last  centurj',  elucidated  the 
phenomenon  of  respiration  and  the  production  of  animal  heat  by 
one  of  the  most  beautiful  of  theories,  based,  to  all  appearances, 
upon  well  observed  facts ;  yet  at  the  present  da^'  more  delicate 
observations,  and  'the  discovery  of  the  want-  of  balance  between 
the  inhaled  oxygen  and  exhaled  carbonic  acid  subverted  that 
beautiful  theory,  and  we  are  left  entirely  without  one.  It  is  true 
we  have  collated  a  number  of  facts  in  regard  to  respiration,  molec- 
ular changes  in  the  tissues,  etc.,  all  of  which  are  recognized  as 
having  something  to  do  with  animal  heat;  still  it  is  acknowledged 
that  we  are  incapable  of  giving  any  concrete  expression  to  the 
phenomenon  of  respiration  and  animal  heat  as  Lavoisier  did  eighty 
or  ninety  years  ago. 

Electricity  is  the  same  now  as  it  has  ever  been,  yet  it  was  once 
spoken  of  as  a  fluid,  then  as  a  force,  now  as  an  energ}'  readily 
convertible  into  caloric  or  mechanical  energy ;  and  in  what  light 
it  will  be  considered  fifty  years  hence  no  one  can  predict. 

Now  what  I  desire  to  enforce  here  is  that,  amid  all  these  changes 
and  revolutions  of  theories,  so  called,  it  is  simply  man,  the  inter- 
preter, that  has  erred,  and  not  nature  ;  her  laws  are  the  same :  we 
simply  have  not  been  able  to  read  them  correctly,  and  perhaps 
never  shall  be. 

What,  it  may  be  asked,  are  we  to  do  then?  Must  we  cease  the- 
orizing? Not  at  all.  The  lesson  to  be  learned  from  this  is,  to  be 
more  modest  in  our  generalizations ;  to  generalize  as  far  as  our 
carefully  made  out  facts  will  permit  us,  and  no  farther ;  to  check 
the  imagination  and  not  to  let  it  run  riot  and  shipwreck  us  upon 
some  metaphysical  quicksand. 

The  fact  is,  it  becomes  a  question  whether  there  is  such  a  thing 
as  a  pure  theory  in  science.  No  true  scientific  theory  deserves 
the  name  that  is  not  based  on  verified  hj'potheses ;  in  fact,  it  is 
bnt  a  concise  interpretation  of  the  deductions  of  scientific  facts. 
Dumas  has  well  said  that  theories  are  like  crutches,  the  strength 
of  them  to  be  tested  by  attempting  to  walk  with  them.  And  I 
might  further  add  that  very  often  scientists,  who  are  without  sure- 
footed facts  to  carry  them  along,  take  to  these  crutches. 

It  is  common  to  speak  of  the  theory  of  gravitation,  when  there 
is  nothing  purely  hypothetical  in  connection  with  the  manner  in 
which  it  is  studied  ;  in  it  we  only  see  a  clear  generalization  of  ob- 
served laws  which  govern  the  mutual  attraction  of  bodies.     If  at 
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any  time  Newton  did  assume  an  hypothesis,  it  was  only  for  the 
purpose  of  facilitating  his  calculations.  "Newton's  passage  from 
the  failing  of  an  apple  to  the  falling  of  a  moon  was  at  the  outset  a 
leap  of  the  imagination  ;"  but  it  was  this  hypothesis,  verified  by 
mathematics,  which  gave  to  the  so-called  theory  of  gravitation  its 
present  status. 

In  regard  to  light,  we  are  in  the  habit  of  connecting  with  it  a 
pure  hypothesis ;  viz.,  the  impressions  of  light  being  produced  by 
emission  from  luminous  bodies,  or  by  the  undulation  of  an  all- 
pervading  attenuated  medium  ;  and  these  hypotheses  are  to  be 
regarded  as  probable  so  long  as  the  phenomena  of  light  are 
explained  by  them,  and  no  longer.  The  failure  to  explain  one 
single  well-observed  fact  is  sufficient  to  cast  doubt  upon  or  subvert 
any  pure  hypothesis,  as  has  been  the  case  with  the  emission  theory 
of  light,  and  may  be  the  fate  of  the  undulatory  theor}',  which, 
however,  up  to  tlie  present  time  serves  in  all  cases. 

A  theory  or  scientific  speculation,  to  possess  any  great  weight, 
must  receive  universal  assent  by  those  minds  capable  of  investi- 
gating the  subject.  Thus  the  undulatory  theory  of  light  is  univer- 
sally accepted  as  representing  the  true  nature  of  the  operation  of 
light,  so  far  as  we  are  now  able  to  interpret  its  phenomena. 

Zoologists  equally  learned  will  agree  perfectly  as  regards  the 
physical  structure  of  an  ape  and  a  man,  and  thus  far  their  results 
are  entitled  to  universal  acceptance  ;  but  some  of  the  same  zoolo- 
gists, by  the  exercise  of  the  imagination  and  ingenious  analogical 
reasoning,  deduce  the  roan  from  the  ape,  while  the  others  cannot 
see  nor  recognize  any  such  transformation.  In  this  way  both 
classes  present  themselves  to  the  curious  world,  and  gather  around 
them  supporters ;  and,  like  too  many  cases  in  our  courts  of  law, 
the  greatest  number  are  convinced  not  so  much  by  the  law  or  jus- 
tice of  the  case,  as  by  the  ingenuity  and  special  pleading  of  the 
legal  advocates. 

It  is  not  my  object  to  criticise  the  speculations  of  any  one  or 
more  of  the  modern  scientists  who  have  carried  their  investiga- 
tions into  the  world  of  the  imagination  ;  in  fact,  it  could  not  be 
done  in  a  discourse  so  limited  in  time  as  this,  and  only  intended 
as  a  prologue  to  our  present  meeting.  But  in  order  to  illustrate 
this  subject  of  method  more  fully  I  will  refer  to  Darwin,  whose 
name  has  become  synonymous  with  progressive  development  and 
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natural  selection,  which,  as  we  had  thought,  died  out  with  Lamarck 
fifty  years  ago. 

In  Darwin  we  have  one  of  those  philosophers  whose  great 
knowledge  of  animal  and  vegetable  life  is  transcended  only  by 
his  imagination.  In  fact,  he  is  to  be  regarded  more  as  a  metaphy- 
sician with  a  highly-wrought  imagination  than  as  a  scientist,  al- 
though a  man  having  a  most  v^onderful  knowledge  of  the  facts  of 
natural  history. 

In  England  and  America  we  find  scientific  men  of  the  profound 
est  intellects  differing  completely  in  regard  to  his  logic,  analogies 
and  deductions  ;  in  Germany  and  France  the  same  thing — in  the 
former  of  these  countries  some  speculators  saying  that  ''his  theo- 
ry is  our  starting-point"  and  in  France  man}^  of  her  best  scientific 
men  not  ranking  the  labors  of  Darwin  with  those  of  pure  science. 

Darwin  takes  up  the  law  of  life  and  runs  it  into  progressive 
development.  In  doing  this  he  seems  to  me  to  increase  the  embar- 
rassment which  surrounds  us  on  looking  into  the  mysteries  of  cre- 
ation. He  is  not  satisfied  to  leave  the  laws  of  life  where  he  finds 
them,  or  to  pursue  their  study  by  logical  and  inductive  reasoning. 
His  method  of  reasoning  will  not  allow  him  to  remain  at  rest ;  he 
must  be  moving  onward  in  his  unification  of  the  universe.  He 
started  with  the  lower  orders  of  animals,  and  brought  them  through 
their  various  stages  of  progressive  development  until  he  supposed 
he  had  touched  the  confines  of  man  ;  he  then  seems  to  have  re- 
coiled, and  hesitated  to  pass  the  boundary  which  separated  man 
from  the  lower  orders  of  animals  ;  but  he  saw  that  all  his  previous 
logic  was  bad  if  he  stopped  there,  so  man  was  made  from  the 
ape  (with  which  no  one  can  find  fault,  if  the  descent  be  legiti- 
mate). This  stubborn  logic  pushes  him  still  farther,  and  he  must 
find  some  connecting  link  with  that  most  remarkable  property 
of  the  human  face,  called  expression  ;  so  his  ingenuity  has  given 
us  a  very  curious  and  readable  treatise  on  that  subject.  Yet  still 
another  step  must  be  taken  in  this  linking  together  man  and  the 
lower  orders  of  animals ;  it  is  in  connection  with  language ;  and 
before  long  it  is  not  unreasonable  to  expect  another  production 
from  that  most  wonderful  and  ingenious  intellect  on  the  connec- 
tion between  the  language  of  man  and  the  brute  creation. 

Let  us  see  for  a  moment  to  what  this  reasoning  from  anal- 
ogy would  lead  us^  if  applied  to  chemical  science,  which  investi- 
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gates  a  great  variety  of  compounds  exhibiting  most  curious  an- 
alogies in  all  their  properties.  Take  for  instance  soda  and 
potash  — how'  identical  in  almost  all  their  properties,  their  com- 
pounds also  arraying  themselves  in  identically  the  same  form,  de- 
fying almost  all  the  senses  to  detect  their  difference :  if  they  be 
brought  into  relation  with  other  elements,  they  associate  them- 
selves with  these  elements  in  identically  the  same  way.  The 
same  is  true  in  relation  to  baryta  and  strontia,  or  chlorine,  bro- 
mine and  iodine  ;  the  last  three  elements  even  show  most  curious 
numerical  relations  in  regard  to  their  combining  proportions. 
And  then  when  we  pass  to  the  mineral  kingdom,  what  a  wonder- 
ful property  is  that  isomorphism  in  the  chemistry  of  nature's 
operations ! 

The  chemist,  with  all  these  facts  before  him,  has  as  much  right 
to  revel  in  the  imaginary  formation  of  sodium  from  potassium,  or 
io<line  and  bromine  from  chlorine,  by  a  process  of  development, 
and  call  it  science,  as  the  naturalist  has  to  revel  in  many  of  his 
wild  speculations,  or  the  physicist  who  studies  the  stellar  space 
to  imagine  it  permeated  by  mind  as  well  as  light — mind  such  as 
has  formed  the  poet,  the  statesman,  or  the  philosopher. 

Yet  any  chemist  who  would  quit  his  method  of  investigation,  of 
marking  every  foot  of  his  advance  by  some  indelible  imprint,  and 
go  back  to  the  speculations  of  Albertus  Magnus,  Roger  Bacon, 
and  other  alchemists  of  former  ages,  would  soon  be  dropped  from 
the  list  of  chemists  and  ranked  with  dreamers  and  speculators. 

To  prove  the  truth  of  m\'  assertion,  that  this  is  the  legitimate 
result  of  this  school  of  philosophy,  I  will  quote  from  one  of  its 
disciples,  F.  W.  Clarke.  He  says :  ''When  one  is  fairly  started 
on  a  line  of  thought  it  is  hard  to  come  to  an  end.  If  we  assume 
an  hypothesis  to  be  true,  a  hundred  others  rush  in  upon  the  mind 
and  demand  consideration.  We  do  not  know  but  that  the  evolu- 
tion of  one  element  from  another  may  be  possible.  The  demon- 
strated unity  of  force  leads  us  by  analogy  to  expect  a  similar 
unity  of  matter.  Those  elements  which  seem  to-day  so  diverse  in 
character  may  be  after  all  one  in  essence ;  at  present  it  can 
neither  be  discarded  as  false  nor  accepted  as  true. " 

What  is  most  remarkable  in  connection  with  the  above  opinion 
is  that  the  author  of  it  is  commenting  on  matter,  in  connection 
with  the  spectroscope,  an  instrument  whose  very  triumphs  are 
based  on  the  grand  distinguishing  lines  in  the  elements  of  matter, 
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whether  in  the  earth,  sun,  stars,  or  nebulae,  all  telling  the  same 
dissimilarity  and  no  coalescence. 

Is  this  to  be  one  of  the  methods  of  modern  science,  I  would 
ask?  While  in  our  ignorance  and  short-sightedness  we  should  be 
careful  in  pronouncing  any  assumption  as  possible  or  impossible, 
still  there  is  no  reason  why  these  terms  should  have  much  or  any 
weight  in  the  study  of  science ;  for  in  the  abstract  all  things  in 
nature  are  possible,  not  from  any  demonstration,  but  simply 
because  no  one  can  assert  an  impossibility.  What  a  mass  of  con- 
fusion science  would  become  if  we  studied  its  possibilities!  for 
then  every  conceivable  possibility  would  be  entitled  to  equal  con- 
sideration. And  we  are  not  therefore  surprised  that  the  author 
last  quoted  should  saj',  **So  then  we  may  proceed  to  theorize  in 
the  most  barefaced  manner,  without  quitting  the  legitimate  do- 
main of  science." 

Are  we  to  introduce  into  science  a  kind  of  purgatory  in  which 
to  place  undemonstrable  speculations,  and  keep  them  there  in  a 
state  of  probation,  and  say  that  science  cannot  discard  a  theory 
as  false  when  it  cannot  be  accepted  as  true?  Science,  which  is 
preeminently  the  pursuit  of  truth,  has  but  one  course  to  x^ursue: 
it  must  either  accept  or  reject  what  may  be  thrust  upon  it. 

What  I  have  said  is,  in  my  humble  opinion,  warranted  by  tlie 
departure  Darwin  and  others  have  made  from  true  science  in  their 
purely  speculative  studies  ;  and  neither  he  nor  any  other  searcher 
after  truth  expects  to  hazard  great  and  startling  oi)inions  without 
at  the  same  time  courting  and  desiring  criticism ;  yet  dissension 
from  his  views  in  no  way  proves  him  wrong  —  it  only  shows  how 
his  ideas  impress  the  minds  of  other  men.  And  just  here  let  me 
contrast  the  daring  of  Darwin  with  the  position  assumed  by  one 
of  the  great  French  naturalists  of  the  present  da}'.  Professor 
Quatrefages,  in  a  recent  discourse  on  the  physical  character  of 
the  human  race.  In  referring  to  tlie  question  of  the  first  origin 
of  man  he  says  distinctly  that  in  his  opinion  it  is  one  that  belongs 
not  to  science;  these  questions  are  treated  by  theologians  and 
philosophers :  ''Neither  here  nor  at  the  Museum  am  I,  nor  do  I 
wish  to  be,  either  a  theologian  or  a  philosopher.  I  am  simply  a 
man  of  science  ;  and  it  is  in  the  name  of  comparative  physiology, 
of  botanical  and  zoological  geography,  of  geology  and  palaeontol- 
ogy, in  the  name  of  the  laws  which  govern  man  as  well  as  animals 
and  plants,  that  I  have  always  spoken. "     And  studying  man  as  a 
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scientist,  be  goes  on  to  say :  '^It  is  established  that  man  has  two 
grand  faculties  of  which  we  find  not  even  a  trace  among  animals. 
He  alone  has  the  moral  sentiment  of  good  and  evil :  he  alone 
believes  in  a  future  existence  succeeding  this  actual  life;  he 
alone  believes  in  beings  superior  to  himself,  that  he  has  never 
seen,  and  that  are  capable  of  influencing  his  life  for  good  or  evil ; 
in  other  words,  man  alone  ia  endowed  with  morality  and  religion ^ 

And  it  may  be  added  that  Hartmann,  a  philosopher  of  another 
school,  saj's,  selection  explains  the  progress  in  perfection  of  an 
already  existing  type  within  its  own  degrees  of  organization,  but 
it  cannot  explain  the  passage  from  an  inferior  degree  of  organiza- 
tion to  a  superior  one. 

If  Prof.  Quatrefages  be  right  in  regard  to  the  moral  sentiment 
in  man,  then  Darwin  must  be  wrong  in  asserting  the  development 
of  man  out  of  that  in  which  not  a  trace  exists  of  what  most 
preeminently  constitutes  man?  or  he  must  satisfy  himself  with 
evolving  the  physical  part  of  man  out  of  the  lower  order  of 
animals,  and  then  by  some  creative  force  implanting  within  him 
these  principles. 

Our  own  distinguished  naturalist  and  associate.  Prof.  Agassiz, 
reverts  to  this  theory  of  evolution  in  the  same  positive  manner, 
and  with  such  earnestness  and  warmth  as  to  call  forth  severe 
editorial  criticisms,  by  s[>eaking  of  it  as  a  "mere  mine  of  asser- 
tion," and  of  "the  danger  of  stretching  inferences  from  a  few 
observations  to  a  wide  field,"  and  he  is  called  upon  to  collect 
"real  observations  to  disprove  the  evolution  hypothesis."  I 
would  here  remark,  in  defence  of  my  distinguished  friend,  that 
scientific  investigation  will  assume  a  curious  phase  when  its  vota- 
ries are  required  to  occupy  time  in  looking  up  facts,  and  seriously 
attempting  to  disprove  any  and  every  hypothesis  based  upon 
proof,  some  of  it  not  even  rising  to  the  dignity  of  circumstantial 
evidence. 

I  have  dwelt  longer  on  this  one  point  than  I  had  intended  ;  but 
the  very  popular  manner  in  which  in  recent  years  it  has  been  pre- 
sented to  the  public  mind  of  all  classes  of  society,  and  to  persons 
of  all  ages,  warranted  a  full  notice  in  speaking  of  the  importance 
of  avoiding,  as  far  as  possible,  undue  speculation  in  connection 
with  our  method  of  scientific  investigation. 

Let  me  not  be  understood  to  underrate  the  brilliant  ideas  and 
great  learning  of  those  most  distinguished  men  of  the  nineteenth 
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century,  Darwin,  Hnxley  and  others.  I  am  too  great  a  respecter 
of  both  science  and  the  pursuit  of  science  ever  to  encourage  bj 
ray  example  anything  like  dogmatism  among  scientific  men. 
While  arraying  methods  of  study  in  other  branches  of  science  to 
combat  those  employed  b}'  the  followers  of  the  evolution  h3'pothe- 
sis,  I  most  willingly  indorse  what  T3'ndallsa3's  concerning  it,  viz. : 
*^I  do  not  think  the  evolution  hypothesis  is  to  be  flouted  away 
contemptuousl}' ;  I  do  notthink  it  is  to  be  denounced  as  wicked. 
Fear  not  the  evolution  iiypothesis !  it  does  not  solve,  it  does  not 
profess  to  solve,  the  ultimate  mystery  of  the  universe.  It  leaves 
in  fact  that  mystery  untouched."  If  it  be  grounded  on  truth,  it 
will  survive  all  attempts  to  overthrow  it :  if  based  on  error,  it  will 
disappear,  as  many  so-called  scientific  facts  have  done  before. 
Science  is  a  progressive  study.  It  does  not  dogmatically  pro- 
nounce itself  as  infallible  ;  it  is  at  all  times  ready  to  admit  what 
has  been  once  rejected,  if  it  return  clothed  with  trutiiful  demon- 
stration which  science  properly  calls  for  as  a  passport  to  admission 
into  its  domain. 

I  would  also  caution  my  associates  to  avoid  carefully  what  may 
be  called  the  pride  of  modern  science ;  for  so  rapid  have  been  the 
discoveries  of  science  during  the  last  century,  crowding  upon  us 
especially  during  the  past  twenty-five  years,  that  we  are  apt  to 
become  bewildered  and  dazzled,  and  cry  out  in  unbounded  enthu- 
siasm :  Great  is  the  god  Science !  it  revealelh  all  things  to  us, 
and  we  will  consecrate  our  talent  and  our  time  to  its  worship.  The 
marvellous  discoveries  in  cheuiistr}',  geology,  electricity,  light, 
etc.,  have  lifted  the  veil  that  concealed  from  us  so  many  of 
nature's  secrets  that  we  are  almost  baffled  in  our  attempt  to 
systematize  them.  The  wonderful  organic  compounds  ;  the  disin- 
terring of  curious  records  of  past  ages ;  the  obedient  and  sub- 
missive lightning  that  carries  our  messages  ;  that  wonderful  light, 
so  quiet  in  its  operations,  yet  so  powerful  to  reveal  the  chemistry 
of  the  universe ;  and  the  conservation  of  force — all  these,  I  say, 
bewilder  the  mind  so  that  we  revel  in  building  bright  air-castles, 
almost  losing  our  mental  equilibrium.  Of  all  scientists  of  the 
present  day  the  chemists  perhaps  have  kept  a  more  stable  equilib- 
rium than  any  other  class,  starting  out  with  a  fixed  law  to  govern 
them  in  regard  to  what  are  considered  elements,  never  in  any  in- 
stance tolerating  the  development  or  transmutation  of  one  element 
out  of  another,  however  remarkable  the  analogy  they  may  exhibit 
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in  the  material  constitution  of  all  known  substances,  and  recog- 
nizing them  as  the  same  whether  in  the  earth  or  in  the  sun. 

I  would,  therefore,  caution  against  too  great  enthusiasm,  for  we 
are  far  more  ignorant  than  we  sometimes  suppose.  In  fact,  true 
philosophy  dictates  to  its  followers  humility,  and  that  it  is  the 
province  of  ignorance  to  believe  that  it  knows  everything,  while 
the  philosopher  is  aware  that  he  knows  little  or  nothing. 

While  we  are  prying  into  space,  and  studying  the  matter,  size 
and  movements  of  the  heavenly  bodies  far  beyond  our  own  uni- 
verse, we  leave  behind  us  a  vast  number  of  things  that  have  baffled 
our  scrutiny  and  defied  both  science  and  metaphysics.  When  we 
look  at  our  bodies,  without  reference  to  the  consciousness  that  is 
within,  but  merely  studying  what  relates  to  our  physical  parts, 
bow  many  things  concerning  it  we  have  not  discovered  ! 

While  occupied,  the  early  part  of  this  year,  in  reflecting  upon  the 
conservation  of  force  and  certain  meteoric  phenomena  connected 
with  the  sun,  my  attention  was  frequently  drawn  to  the  small- 
pox that  was  then  in  the  form  of  a  violent  epidemic  around  me. 
Seeing  persons  being  vaccinated  who  had  in  their  childhood 
been  subjected  to  the  same  operation,  and  observing  in  the  vast 
majority  of  cases  the  failure  of  the  production  of  any  effect,  I 
asked  m3'self  the  question  :  How  are  we  to  rank  that  mysterious 
agent  which,  when  brought  to  bear  upon  the  system,  in  however 
minute  a  quantity,  not  only  permeates  every  fibre  and  cell  in  every 
part  of  the  body,  but  is  never  lost  ?  for  when  through  years  every 
particle  of  the  body  (with  perhaps  the  exception  of  the  teeth  and 
a  part  of  the  bones)  has  been  renewed  over  and  over  again,  yet, 
as  each  particle  gave  place  to  a  new  one,  this  vaccine  energy  (if  I 
may  so  call  it)  was  imparted  to  the  new  matter,  and  so  on  through 
life.  Here  then  was  the  conservation  of  a  force  as  mysterious  in 
its  course  and  operation,  and  as  hard  to  be  understood,  as  that  of 
motion,  light,  or  any  other  of  the  recognized  forms  of  the  energies 
of  matter. 

Yes!  after  we  have  studied  the  heavens  and  all  contained 
therein  that  the  aided  eye  can  reach,  we  shall  yet  have  to  de- 
scend to  earth  and  study  the  every-day  physical  phenomena  that 
are  in  and  around  men,  finding  even  greater  mysteries  to  unravel 
that  meet  our  unaided  senses  every  moment  of  our  existence. 

I  come  now  to  the  last  point  to  which  I  wish  to  call  the  atten- 
tion of  the  members  of  the  Association  in  the  pursuit  of  their  in- 
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vestigatious,  and  the  speculations  to  which  these  give  rise  in  their 
minds. 

Reference  has  already  been  made  to  the  tendency  of  quitting 
the  physical  to  revel  in  the  metaphysical,  which,  however,  is  not 
peculiar  to  this  age,  for  it  belonged  as  well  to  the  times  of  Plato 
and  Aristotle  as  it  does  to  ours.  More  special  reference  will  be 
made  here  to  the  proclivity  of  the  present  epoch  among  philoso- 
phers and  theologians  to  parade  science  and  religion  side  by 
side ;  talking  of  reconciling  science  and  religion,  as  if  they  had 
ever  been  unreconciled.  Scientists  and  theologians  may  have 
quarrelled,  but  never  science  and  religion.  At  dinners  tliey  are 
toasted  in  the  same  breath,  and  calls  made  on  clergymen  to  re- 
spond, who,  for  fear  of  giving  offence,  or  lacking  the  fire  and  firm- 
ness of  St.  Paul,  utter  a  vast  amount  of  platitudes  about  the 
beauty  of  science  and  the  truth  of  religion,  trembling  in  their 
shoes  all  the  time,  fearing  that  science,  falsely  so  called,  may  take 
away  their  professional  calling,  instead  of  uttering  in  voice  of 
thunder,  like  the  Boanerges  of  the  gospel,  that  "the  world  by  wis- 
dom knew  not  God."  And  it  never  will.  Our  religion  is  made  so 
plain  by  the  light  of  faith  that  the  wayfaring  man,  though  a  fool, 
cannot  err  therein. 

No,  gentlemen  ;  I  firmly  believe  that  there  is  less  connection  be- 
tween science  and  religion  than  there  is  between  jurisprudence  and 
astronomy,  and  the  sooner  this  is  understood  the  better  it  will  be 
for  both. 

Religion  is  based  upon  revelation  as  given  to  us  in  a  book,  the 
contents  of  which  are  never  changed,  and  of  which  there  have 
been  no  revised  nor  corrected  editions  since  it  was  first  given,  ex- 
cept so  far  as  man  has  interpolated  ;  a  book  more  or  less  perfectly 
understood  by  mankind,  but  clear  and  unequivocal  in  all  essen- 
tial points  concerning  the  relation  of  man  to  his  Creator ;  a  book 
that  affords  practical  directions,  but  no  theoi^ ;  a  book  of  facts, 
and  not  of  arguments ;  a  book  that  has  been  damaged  more  by 
theologians  than  by  all  the  pantheists  and  atheists  that  have  ever 
lived  and  turned  their  invectives  against  it — and  no  one  source  of 
ttischief  on  the  part  of  theologians  is  greater  than  that  of  admit- 
ting the  profound  mystery  of  man}'  parts  of  it,  and  almost  in  the 
ne>Jt  breath  attempting  some  sort  of  explanation  of  these  myste- 
ries. Tfie  book  is  just  what  Richard  Whatelj'  says  it  is,  viz. : 
•'Not  the  philosophy  of  the  human  mind,  nor  yet  the  philosophy  of 
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the  divine  nature  in  itself,  but  (that  which  is  properly  religion)  the 
relation  and  connection  of  the  two  beings  —  what  God  is  to  us, 
what  he  has  done  and  will  do  for  us,  and  what  we  are  to  be  in  re- 
gard to  him." 

Now  science  on  her  part  has  her  records :  they  are  the  discov- 
ered truths  in  the  relation  that  man  bears  to  tlie  animate  and  in- 
animate kingdoms  around  him,  so  far  as  they  are  made  out  by  him 
from  time  to  time ;  but  as  he  has  to  proceed  in  his  labors  with  im- 
perfect instruments  and  often  equally  imperfect  senses,  he  has  to 
correct  himself  over  and  over  again ;  and  his  observations  and 
theories,  especially  the  latter,  make  frequent  shifts,  though  each 
time  he  supposes  that  the  truth  has  been  reached.  I  will  exem- 
plify this  in  a  marked  manner  by  an  extract  from  a  recent  dis- 
course by  Prof.  Ferdinand  Cohn,  delivered  before  the  Silesian 
Society  for  Natural  Culture.  In  speaking  of  Humboldt  and  his 
Cosmos  (which  he  styles  the  "Divina  Commedia"  of  Science, 
embracing  the  whole  universe  in  its  two  spheres,  heaven  and 
earth)  he  says :  **But  we  cannot  conceal  from  ourselves  that  the 
Cosmos,  published  twenty-five  years  ago^  is  in  many  of  its  parts 
now  antiquated.  Any  one  who  to-day  would  attempt  to  recast 
the  Cosmos  must  proceed  like  the  Italian  architect  who  took  the 
pillars  and  blocks  of  the  broken  temples  of  antiquity,  added  new 
ones,  and  rebuilt  the  whole  after  a  new  plan."  And  I  would 
simply  ask :  Wiien  is  this  new  structure  to  be  torn  down  to  form 
material  for  another?  Surely  the  most  enthusiastic  admirer  of 
the  development  of  the  last  twenty-five  years  does  not  think  tiiat 
we  have  arrived  at  the  end  of  all  things  ! 

I  will  take  yet  another  example.  For  the  last  fifty  years  or 
more  the  unity  of  the  human  race  has  been  a  most  prolific  subject 
of  investigation  and  discussion,  until  it  was  generally  conceded 
that  there  must  have  been  more  than  one  origin  for  the  different 
races.  In  fact,  theologians  had  already  entered  on  that  mis- 
chievous work  called  reconciling  science  and  religion,  and  saying 
that  after  all  there  was  some  little  mistake  in  the  biblical  record 
on  that  subject,  and,  if  the  Author  would  only  permit,  it  would  be 
well  to  make  a  correction  just  there  ;  but  this  could  not  be  done, 
and  there  it  stood — that  all  men  were  of  one  flesh.  But  science, 
restless,  changeful,  moved  on  ;  and  to-day,  the  unity  of  the  human 
race  is  insisted  on  by  nearly  all  the  leading  naturalists,  who  teach 
what  Prof.  De  Quatrefages  teaches,  as  uttered  in  a  recent  lecture 
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of  his.  He  says :  "In  this  examination  of  the  phj'sical  man 
everything  leads  to  the  conclusion  which  we  had  already  reached 
in  our  earlier  lecture,  and  we  can  repeat  with  redoubled  certainty 
that  the  differences  among  human  groups  are  characters  of  race, 
and  not  of  species.  There  exists  only  one  human  species,  and 
consequently  all  men  are  brothers ;  all  ought  to  be  treated  as 
such,  whatever  the  origin,  the  blood,  the  color,  the  race  ;"  and  in 
conclusion  he  further  says :  "I  shall  not  regret  either  my  time  or 
my  pains,  if  I  am  able,  in  the  name  of  science,  and  that  alone j  to 
render  a  liitle  more  clear  and  precise  for  you  the  great  and  sacred 
notion  of  the  brotherhood  of  man." 

One  other  example  under  this  head,  and  I  have  done.  The 
book  of  science  teaches  that  the  sun  is  the  source  of  all  light  and 
heat ;  yet  in  that  post-prophetic  chapter  of  the  book  of  our  relig- 
ion it  is  said  that  the  creation  of  the  first  day  was  light,  and  not 
nntil  afterward  was  the  sun  created  ;  and  this  was  again  a  stum- 
bling-block to  theologians,  and  many  wished  that  Moses  had  been 
a  little  more  particular.  But  science  in  its  onward  march,  as  it 
grouped  together  the  matter  floating  in  space  to  form  in  the  be- 
ginning of  time  this  earth  (our  circling  globe),  tells  us  that  if  we 
can  imagine  one  to  have  been  placed  on  our  globe  before  it  had 
consolidated,  he  would  have  seen  vast  seas  of  vapor  floating 
around  and  far  above  it,  shutting  out  the  very  light  of  heaven  so 
that  darkness  brooded  over  the  waters ;  that  the  first  benign 
influence  that  smiled  upon  the  earth  was  the  gentle  rays  of  light 
struggling  through  the  dark  mist ;  and  the  prophetic  eye,  either 
on  the  plain,  in  the  valley,  or  on  the  highest  mountain  peak, 
would  not  behold  whence  it  came,  and  might  exclaim  in  sublime 
poetic  ecstasy:  "God  said,  Let  there  be  light ;  and  there  was 
light."  Not  until  ages  perhaps  after  that,  did  the  bright  orb 
of  the  sun  reveal  itself  to  the  prophet  as  the  source  of  this 
light. 

So  I  say,  let  our  book  of  religion  stand  as  it  is  ;  if  it  be  not 
of  God  it  will  come  to  naught ;  and  let  science  search  for  truth, 
and  if  it  mistake  its  results  it  is  certain  to  correct  them  in  time, 
for  the  causes  of  its  perturbations  are  as  surely  discovered  as 
Leverrier  and  Adams  discovered  those  of  Uranus. 

Science  and  religion  are  both  travelling  towards  the  same  great 
point — Ihe  Author  of  all  truth — yet  by  two  very  different  roads  ; 
and  if  they  be  induced  every  now  and  then  to   turn  off  their 
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routes  to  compare  notes,  they  will  very  much  retard  each  other's 
progress  and  waste  much  time  in  discussing  the  peculiar  merits 
of  their  particular  road,  and  get  into  a  quarrel  about  them.  The 
roads  they  travel  are  paved  with  certain  principles  and  forces, 
but  of  very  different  natures. 

Science  treads  on  certain  mathematical  axioms  and  principles, 
recognizing  matter  and  certain  forces  or  modifications  of  an  en- 
ergy innate  in  matter,  as  heat,  light,  electricity,  etc.  Religion  is 
guided  by  its  axioms  and  principles,  faith,  love  and  hope,  and 
with  these  it  is  expected  to  work  out  its  great  end  in  the  present 
and  future  of  mankind.  Science  is  nature  revealed ;  religion  is 
nature's  God  revealed  ;  and  neither  the  one  nor  the  other  can  be 
without  its  axioms,  incapable  of  demonstration. 

Some  may  mock  at  faith  and  say  '^Faith  is  bankrupt,  and 
her  accounts  are  under  strict  examination,  to  determine  what 
assets  remain  to  be  distributed  among  the  impoverished  souls 
that  are  her  creditors;"  still  it  is  an  axiom  made  manifest  to 
our  consciousness,  as  much  as  the  axiom  that  a  mathematical 
poiut  is  something  without  length,  breadth  or  thickness,  or  that 
a  line  has  length  without  breadth  or  thickness. 

This  faith  is  as  mucli  an  energy  of  the  immortal,  as  heat  is 
one  of  the  energies  of  matter.  We  know  heat  by  its  phenomena 
alone,  and  we  know  faith  in  the  same  way,  its  phenomena  proving 
its  existence  as  well  to  the  child  as  to  the  man,  to  the  learned  and 
the  unlearned.  It  led  Socrates  and  Plato,  even  with  their  im- 
perfect light,  to  the  great  God,  the  Creator  of  the  heavens  and  the 
earth,  and  to  a  belief  in  tlie  immortality  of  the  soul. 

What  God  is  in  his  essence  we  know  not,  now  how  it  is  that  he 
can  exist.  A  Being  not  made  b\'  himself  nor  by  any  one  else  :  with- 
out beginning  of  days  or  end  of  years ;  existing  through  infinite 
ages ;  filling  immensity  without  being  in  any  place ;  everywhere 
present  without  displacing  a  single  one  of  his  myriad  creatures; 
pervading  all  things  yet  without  motion ;  being  all  eye,  all  ear, 
all  energy,  and  yet  not  interfering  in  the  least  with  the  thoughts 
and  actions  of  man  ; — this  has  been  well  styled  ''the  greatest 
mystery  of  the  universe,  enveloped  at  once  in  a  flood  of  light 
and  an  abyss  of  darkness — inexplicable  itself,  explaining  every- 
thing else,  and  after  displacing  every  other  diflSculty,  itself  re- 
maining   in   inapproachable,    insurmountable,    incomprehensible 
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grandeur,  so  that  the  Psalmist  exclaims :  ^Clouds  and  dark- 
ness are  round  about  him  ;  righteousness  and  Judgment  are  the 
habitation  of  his  throne/  " 

This  is  the  God  whose  existence  reason  cannot  prove,  while  it 
cannot  disprove,  and  for  whom  tlie  religionists  and  scientists 
are  looking:  that  they  will  one  day  see  him  as  he  is,  is  my  firm 
belief,  and,  as  I  before  stated,  they  will  see  him  the  sooner  by 
keeping  separate  roads. 

That  many  a  scientist  will  be  swallowed  up  in  pantheism  from 
want  of  patience  is  to  be  expected,  and,  I  regret  to  acknowledge, 
will  with  Hartmann  ''maintain  that  creation  is  a  cause,  existence 
a  misfortune,  life  a  deepening  disappointment,  and  that  the  ex- 
tinction of  personal  consciousness  is  the  only  salvation  ;"  but 
many  more  will  enjoy  the  double  felicity  of  arriving  at  the  great 
end  sustained  both  by  science  and  by  religion,  and  will  agree  with 
what  Socrates  wrote  nearly  two  thousand  years  ago,  without  the 
revealed  word  of  God  to  enlighten  him — or  to  mystify  him,  as 
some  would  say.  Listen  to  that  philosopher  of  ancient  days  as  he 
says :  "This  great  God,  who  has  formed  the  universe  and  sup- 
ported the  stupendous  work  whose  every  part  is  finished  with  the 
utmost  goodness  and  harmony — he  who  preserves  them  perpetually 
in  immortal  vigor,  and  causes  them  to  obey  him  with  a  never-fail- 
ing punctuality  and  a  rapidity  not  to  be  followed  by  the  imagina- 
tion— this  God  makes  himself  sufficiently  visible  by  the  endless 
wonders  of  which  he  is  the  author,  but  continues  always  invisible 
in  himself.  Let  us  not  then  refuse  to  believe  even  what  we  do  not 
see,  and  let  us  supply  the  defects  of  our  corporeal  eyes  by  using 
those  of  the  soul ;  but  let  us  learn  to  render  the  just  homage  of  re- 
spect and  veneration  to  the  divinity  whose  will  it  seems  to  be  that 
we  should  have  no  other  perception  of  him  than  by  his  benefits 
vouchsafed  to  us." 

I  cannot  close  this  part  of  my  subject  without  reverting  to  the 
tendency  of  certain  men  of  science  to  make  ph3'sical  experiment 
the  test  of  all  truth ;  even  prayer  and  divine  providence  influ- 
encing affairs  in  this  world  must  become  subjects  for  experiment ; 
and  if  the  results  be  not  in  accordance  with  the  experiments, 
then  suspicion  is  to  be  cast  on  faith.  This  has  been  truly  ex- 
plained as  coming  from  the  spirit  of  an  age  which  strives  to  make 
natural  science  the  all  in  all  of  wisdom,  and  begins  with  nature  in- 
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stead  of  beginning  with  God,  and  ends  with  burying  man  and 
even  God  within  physical  conditions,  and  assigning  to  the  supreme 
Spirit  the  impersonality  that  is  usually  ascribed  to  material  na- 
ture;  and  all  this  in  spite  of  the  fact  that  profound  philosophers 
and  earnest  devotees  have  believed  in  the  existence  of  a  con- 
sciousness subject  to  influence  above  their  sense. 

If  we  look  at  nature  as  science  has  thus  far  penetrated  into  her 
mysteries,  we  discover  in  the  innermost  parts  of  the  earth  matter 
in  a  constantly  restless  state :  in  the  ocean  or  the  air  we  behold  the 
ever  moving,  never  resting ;  above  are  the  sun  and  stars  speed- 
ing on  through  boundless  space,  and  they  in  their  own  masses 
are  like  huge  boiling  caldrons  casting  their  vapors  hundreds  of 
thousands  of  miles  into  space.  And  so  the  toiler  in  science 
goes  penetrating  nearer  and  nearer,  as  he  thinks,  to  the  great 
cause  of  all  things.  In  the  same  way  he  thinks  he  has  discovered 
the  cause  of  all  motion  upon  this  planet,  both  in  the  animate  and 
inanimate,  and  he  hastily  concludes  that  the  energy  resident  in 
the  sun  is  fixed  and  invariable ;  yet,  while  he  reasons  as  if  he  had 
arrived  at  the  prime  cause,  he  admits  that  there  is  something 
yet  unknown  on  which  the  sun  depends  as  much  as  the  earth  does 
upon  the  sun. 

While  I  admit  most  freely  that  the  smallest  event  in  the 
physical  world  is  but  the  sequence  of  secondary  causes  (if  I 
may  use  the  expression)  and  effects,  obedient  to  what  appear 
to  us  fixed  and  invariable  laws,  yet  it  is  illogical  for  any  mind  to 
assert  that  they  cannot  be  altered  by  the  operation  of  some 
energy  that  may  reach  beyond  any  cause  yet  discovered~by  the 
light  of  science. 

While  the  energy  of  the  sun  travels  in  swift  motion  and  in  rapid 
undulations  through  the  ethereal  space  that  divides  the  earth  from 
the  sun,  and  in  turn  science  by  the  spectroscope  travels  back  from 
the  earth  to  the  sun  over  the  same  waves,  and  has  revealed  to  her, 
in  writing  as  it  were,  on  the  beautiful  pages  of  the  spectrum,  the 
composition  of  that  incandescent  globe  and  the  mighty  power  of 
its  internal  forces,  so  does  the  energy  of  that  great  cause  that 
formed  the  sun  reveal  itself  to  the  internal  consciousness,  reacliing 
the  eye  of  faith,  by  undulations  more  rapid  than  light ;  and  as 
faith  travels  back,  looking  through  its  spectroscope  (the  revealed 
word  of  God),  it  beholds  the  constitution  of  that  great  cause  as 
composed  of  infinite  love  and  mercy,  truth  and  justice. 
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As  light  has  revealed  the  sun  to  us  by  penetrating  an  organ 
specially  formed  for  its  impressions,  the  physical  eye^  so  is  God 
revealed  by  faith,  the  souVs  eye.  As  well  might  we  say  that  we 
are  acquainted  with  all  phenomena  of  the  rays  of  the  sun  as 
to  arrogate  to  ourselves  the  power  of  limiting  the  operations  of 
faith. 

In  these  things  science  is  both  vain  and  modest,  logical  and 
illogical ;  as,  for  example,  here  is  what  Dr.  Cohn  says,  in  a  dis- 
course of  his  previously  referred  to :  '*The  deeper  natural  science 
penetrates  from  outward  phenomena  to  universal  laws,  the  more 
she  lays  aside  her  former  fear  to  test  the  latest  fundamental  laws 
of  being  and  becoming,  of  space  and  time,  of  life  and  spirit ;"  and 
in  the  next  breath  he  says :  "It  is  not  to  be  hoped  that  during  the 
next  twenty-five  years  all  the  questions  of  science  which  are  at 
present  being  agitated  will  be  solved.  As  one  veil  after  another 
is  lifted  we  find  ourselves  behind  a  still  thicker  bne^  which  conceals 
from  our  longing  eyes  the  mysterious  goddess  of  whom  we  are 
in  search." 

How  Dr.  Cohn  expects  to  justify  his  first  statement  by  his  last 
assertion  of  the  increasing  thickness  of  the  impenetrable  veil  is 
more  than  my  logic  can  divine. 

But  in  this  matter  of  subjecting  faith  to  physical  test  by  what 
is  now  commonly  called  the  "prayer-gauge,"  philosophers  of  the 
most  advanced  schools  differ  very  widely  in  their  opinion ;  and 
that  remarkable  pantheist  (or  pessimist),  Edward  Von  Hartmann 
(probably  the  most  remarkable  man  of  that  school  since  the  days 
of  Spinosa,  who  believing  only  in  nature  yet  ranks  with  the  old 
patriarchs  in  his  idea  of  the  power  of  faith,  or  something  next 
akin  to  it),  calls  all  mankind  to  "combine  together  in  one  grand 
act  of  self-abdication,  and  to  resign  the  verj'  faculty  of  will  by  a 
mighty  concert,  not  of  prayer,  but  of  self-renunciation  —  by  the 
help  of  such  means  as  art  and  science  may  apply,  and  by  such 
perfection  of  the  magnetic  telegraph  as  shall  enable  them  all  at 
once  to  will  not  to  will  any  more,  and  so  to  bring  all  conscious 
personal  life  to  an  end  by  an  absorption  in  the  almighty  and  un- 
conscious spirit."  Not  the  most  ascetic  religious  devotee  could 
exhibit  more  unbounded  confidence  in  the  power  of  faith  subvert- 
ing not  only  the  laws  of  nature,  but  nature  herself  than  is  ex- 
pressed in  those  views. 

In  fine  then,  gentlemen,  letus  stick  to  science — pure,  unadulter- 
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ated  science — and  leave  to  religion  things  which  pertain  to  it ;  for 
science  and  religion  are  like  two  mighty  rivers  flowing  toward  the 
same  ocean,  and  before  reacliing  it  they  will  meet  and  mingle 
their  pure  streams,  and  flow  together  into  that  vast  ocean  of  truth 
which  encircles  the  throne  of  the  great  Author  of  all  truth,  whether 
pertaining  to  science  or  religion. 

I  will  here,  in  defence  of  science,  assert  that  there  is  a  greater 
proportion  of  its  votaries  who  revere  and  honor  religion  in  its 
broadest  sense,  as  understood  by  the  Christian  world,  than  in 
any  other  of  the  learned  secular  pursuits. 

In  this  address  I  may  be  accused  of  more  or  less  dogmatism  : 
but  I  can  assure  the  Association  that  whatever  there  may  be  of 
apparent  dogmatism  arises  entirely  from  my  reluctance  to  con- 
sume more  time  in  making  explanations  and  reasoning  fully  on 
the  topics  discussed.  I  have  moreover  departed  from  the  usual 
character  of  discourses  delivered  by  the  retiring  presidents  of  this 
Association,  and  have  not  presented  a  topic  that  might  have  been 
of  more  interest  to  you,  viz.,  some  special  scientific  subject  com- 
ing more  immediately  within  the  province  of  my  research :  for 
this  departure  I  claim  your  indulgence,  as  well  as  for  omitting 
allusion  to  scientific  progress  during  the  past  year. 

But  before  concluding  I  cannot  refrain  from  referring  to  one 
great  event  in  the  history  of  American  science  during  the  past 
year,  as  it  will  doubtless  mark  an  epoch  in  the  development  of 
science  in  this  country.  I  refer  to  the  noble  gift  of  a  noble  for- 
eigner to  encourage  the  poor  but  worthy  student  of  pure  science 
in  this  country. 

It  is  needless  for  me  to  insist  on  the  estimation  in  which  Prof. 
John  Tyndall  is  held  amongst  us.  We  know  him  to  be  a  man 
whose  heart  is  as  large  as  his  head,  both  contributing  to  the  cause 
of  science.  We  regard  him  as  one  of  the  ablest  physicists  of  the 
time,  and  one  of  the  most  level-headed  philosophers  that  England 
has  ever  produced — a  man  whose  intellect  is  as  symmetrical  as 
the  circle,  with  its  every  point  equidistant  from  the  centre. 

We  have  been  the  recipients  of  former  endowments  from  that 
land  which,  we  thank  God,  is  our  mother  country,  from  which 
we  have  drawn  our  language,  our  liberty,  our  laws,  our  literature, 
our  science,  and  our  energy,  and  without  whose  wealth  our  mate- 
rial development  would  not  be  what  it  is  at  the  present  day. 
Count  Rumford,  the  founder  of  the  Royal  Society  of  London,  in 
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earlier  years  endowed  a  scientific  chair  in  one  of  our  larger  nni- 
versities,  and  Sinithson  transferred  liis  fortune  to  our  shores  to 
promote  the  diffusion  of  science. 

Now,  while  these  are  noble  gifts,  yet  Count  Rumford  was  giving 
to  his  own  countrymen — for  lie  was  an  American — and  both  his 
and  Smithson's  were  posthumous  gifts  from  men  of  large  fortune. 

But  the  one  to  which  I  now  refer  was  from  a  man  who  ranks 
not  with  the  wealthy,  and  he  laid  liis  offering  upon  the  altar  of 
science  in  this  country  with  his  own  hands ;  and  it  has  been  both 
consecrated  and  blessed  by  noble  words  from  his  own  lips ;  all  of 
which  makes  the  gift  a  rich  treasure  to  American  science;  and  I 
think  we  can  assure  him  that  as  the  same  Anglo  Saxon  blood 
flows  in  our  veins  as  does  in  his  (tempered,  it  is  true,  with  the 
Celtic,  Teutonic,  Latin,  etc.),  he  may  expect  much  from  the 
American  student  in  pure  science  as  the  offspring  of  his  gift  and 
his  example. 

With  this  feeble  tribute  to  our  distinguished  scientiBc  collabo- 
rator I  bid  you  adieu,  and,  returning  to  the  Association  my  most 
heartfelt  thanks  for  the  honor  that  has  been  conferred  on  me, 
I  surrender  the  mantle  of  my  office  to  one  most  worthy  to  wear 
it — Professor  Lovering,  of  Cambridge. 
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Note   on  Dr.  William  Watson's  Coordinates   in  a     Plane. 
By  Thomas  Hill,  of  Portland,  Maine. 

At  the  meeting  of  this  Association  in  August,  1859,  Dr.  William 
Watson  proposed  to  take,  as  coordinates  in  a  plane,  g,  the  length 
of  a  perpendicular  let  fall  from  the  origin  upon  the  normal,  and  v 
the  angle  which  this  perpendicular  makes  with  a  fixed  axis.  He 
showed  that  from  this  system,  we  readily  pass  to  Peirce's  coordi- 
nates by  the  formula 

Thus  the  equation  q  =  Acos  av  g\\esp=  (j^^Asin  a  v-^-c; 
which  is  evidently,  when  c=io^  the  equation  of  an  epicycloid,  N 
being  the  radius  of  the  stationary,  and  A  (^-^j^^that  of  the  rolling 
circle.  The  epicycloid  becomes  a  point  before  transformation  into 
a  hypocycloid  as  the  value  of  a  is  made  to  pass  through  zfc  !• 
Thus  any  point  in  the  plane,  or  any  circle  about  that  point,  can  be 
represented  by  the  equation 

q=:A  cos  (vo — v). 

The  values  +  a  and  —  a  give  identical  forms  to  the  curve,  but  a 
different  genesis,  by  the  familiar  laws  of  these  curves. 

I  propose  a  slight  modification  of  Dr.  Watson's  system,  by 
taking  p,  the  length  of  the  perpendicular  let  fall  from  the  origin 
upon  the  tangent,  and  using  y  to  express  the  angle  made  by  this 

(27) 
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perpendicular  with  a  flxed  axis.  Assuming  then  jt>  =  /  (>)  we  have 
q  =  Dvp  =ip'  (that  is/>  of  the  evolute),  and  p  z=p  -(-  Dip  (radius  of 
curvature),  r  =  ^  i/-^  -f"  iVvP)^  (radius  vector). 

If  we  wish  to  transform  to  a  new  origin  at  the  distance  h  and 
direction  ^,  it  is  evident  that 

p  =p — b  cos  {S — v) 

and  if  we  wish  then  to  rotate  the  axis  through  the  angle  a  we  must 
substitute 

The  curve  can  be  constructed  by  points,  either  by  setting  off  p 
in  the  direction  v  and  erecting  Dt,p  perpendicular  to  it,  or  by  the 
equations  for  transforming  to  the  Cartesian  system, 
xz=zp  cos  V — Dp  sin  v 
y=.p  sin  \''\'Dp  cos  v. 
Either  mode  can  be  checked  by  calculating  r. 
Problem  I.     To  investigate  the  equation. 

(1)  p=iA  (.smav)**. 
By  the  formula  already  given  we  obtain 

(2)  =z  p{A  {a\n^—n)  )  {sin  a  v)«-24-(l— a*  n^  (sin  a  v)«) . 
When  n=  l^  or p=i  A  sin  a  u,  this  reduces  to 

(3)  />  =  (I  — a*)  A  sin  a  v  =:(! — a*)  p^  which  is  an  epicycloid. 
For  n  =  —  equation  (2)  reduces  to 

(4)  p  =  (a  —  l)  A  {sin  a  w)    «  ' 

This  gives  for  a  z=  J,/)  =  ^  (sin  }  v)*,  p=:^A,SL  circle.  And  for 
a  =  J,  p  =  -4  {sin  J  v)^  p  1='^  A  siti  I  v  which  is  an  epicycloid,  the 
cardioid,  referred  to  its  cusp  as  origin,  while  by  (3)  it  is  referred 
to  the  centre  of  the  stationary  circle. 

For  the  case  of  (3),|>  =  -4  sin  a  v,  we  have 

(5)  r=  A  (a*  +  (1— a*)  {sin  a  v)')4. 

When  in  this  case  a  =  1,  we  get />  =0,r  =  i  -4,  which  is  a  point  at 
the  distance  A  from  the  origin,  the  direction  being  shown  by  the 
formula  for  transformation  to  be  ^  =  («+5^)  'r. 
For  the  case  n  z=  ^  as  in  (4)  we  have 

(6)  r  =  A  {sin  a  v)' " 
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which  again  reduces  to  ^  =  -4  for  a  =  1  and  to  rz=z  A  sin  J  v  for  the 
first  case  under  (4),  showing  that  the  axis  is  a  diameter  of  that 
circle,  and  that  the  origin  is  at  the  riglit-hand  intersection  with  the 
circumference. 

If  in  equation  (2)  we  put  n  =  —  1  and  a  =  1  we  obtain 

(7)  p=z2  A  (cosec  v)3 

which  shows  that  p  =z  A  cosec  v  is  the  equation  of  a  parabola, 
while  the  radius  vector  becomes  r  =  A  {cosec  v  )2,  showing  thatp 
has  other  remarkable  properties  than  those  which  I  pointed  out  in 
"Gould's  Astron.  Journal,"  vol.  ii,  pp.  10,  11,  since  it  bisects  the 
angle  between  the  radius  vector  and  the  axis.  It  will  also  be  ob- 
served that  a  perpendicular  raised  from  the  focus  of  a  parabola 
upon  the  radius  vector  bisects  the  radius  of  curvature,  by  (7). 

When  we  make  a  =  1  and  n  =  2,  equation  (2)  gives  for  p  = 
A  {sin  v)2,  p  =z  — 3-4  (am  v)^  which  is  one  of  the  involutes  of  a 
hypoc3-cloid  of  four  cusps. 

Problem  II.  To  find  the  equation  of  a  cycloid,  and  reduce  it  to 
its  simplest  form. 

When  in  equation  (3)  representing  an  epicycloid  we  attempt  to 
make  the  stationary  circle  infinite  we  find  the  equation  rendered 
worthless ;  a  =  j^^2F  ^^^omes  unity,  but  -4  =  i?+  ^r'  becomes  in- 
finite. We  therefore,  directly  from  the  geometry  of  the  cycloid, 
taking  our  origin  at  the  middle  of  the  chord  joining  two  cusps,  find 
p  z=  r'  (2  sin  v  -|-  (:r  —  2  v)  cos  v). 
Taking  a  new  origin  at  the  vertex  of  the  arch  gives 

p  zzi  r*  {i:  —  2  v)  cos  V. 
Rotating  the  axis  through  a  right  angle  reduces  this  to 
j9  =  2  r'  V  sin  v, 
which  is  the  simplest  form  of  the  equation  of  a  cycloid,  r*  being  the 
radius  of  the  generating  circle  and  v  the  angle  made  by  p  with  a 
normal  at  the  vertex. 

Problem  III.  To  transform  the  case  of  equation  (4)  to  polar 
coordinates ;  the  case  when  na  ^  1. 

The  equation  of  the  curve  being  written  p  z=z  A  {sin~)^  we  find 
r=i  A  (siH—)""*^'  But  (since  in  every  curve  2>  =  ^  «i^  ^)  this 
shows  that  e  is  here  equal  to  ^.     And  since  in  every  curve  the 
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polar  angle,  <P,  must  be  the  sum  of  v  in  its  present  sense,  plus  tlie 
complement  of  e,we  have  in  this  curve         * 

which  by  reduction  gives 

n  —  i-n  • 
Rotating  now  the  polar  axis  through  a  right  angle,  and  thus  . 
eliminating  Jtt  from  tiie  second  member,  we  get  by  substitution 

as  the  polar  equation  of  the  curve,  which  may  evidently  be  written 
in  the  form 

in  the  same  form  as  p,  and  the  value  of  p  in  terms  of  0  becomes, 

p  =  ^(«n*)»+'- 

Problem  IV.  The  logarithmic  spiral  p  =z  A*'  apparently  pre- 
sents no  difficulties. 

Problem  V.  The  equation,  j9=  A>^y  n  being  a  positive  integer, 
gives  the  involutes  of  a  circle. 

Problem  VI.  The  equation  p=  A>^  sin  v,  gives  for  the  radius 
of  curvature 

P  =z2  A  (sin  V  -f-  2  C05  v). 

This  curve  evidently  enjoys  the  property  of  repeating  itself  in 
its  evolutes  ;  its  arches  are  all  tangent  to  a  straight  line  through 
the  origin,  perpendicular  to  the  axis,  at  its  cusps  the  tangent  of 
v  =  —  2,  and  the  cusps  are  all  situated  on  a  parabola  with  its 
axis  lying  in  the  same  direction. 


A  New  Ccbve.    By  Thomas  Hill,  of  Portland,  Me. 

The  equation  p  =  Ay  represents  a  curve,  that  in  outward  appear- 
ance resembles  that  case  of  the  elastic  curve  in  which  it  does  not 
cross  the  axis.     By  integration  we  obtain 

/?  =  e  ^  '**» »+^;  or  log  p=.A  sin  v-f-J5 
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In  this  eqnation,  B  only  aflTects  the  scale  of  magnitude.  A  change 
of  sign  in  A  simply  throws  the  curve  below  the  axis. 

For  -4  =  0  the  curve  becomes  a  circle  infinitely  removed  from 
the  axis.  For  A=.co  tlie  curve  is  a  straight  line,  falling  perpen- 
dicularly on  the  axis  but  not  crossing  it.  If  however  this  case  be 
drawn  on  an  infinite  scale  by  making  B  also  OO,  the  value  sin  v  = 
—  1  may  make  p  finite  ;  that  is,  we  see  only  the  bottom  of  the  loop 
tangent  to  the  axis.  But  draw  it  on  an  infinitesimal  scale  by 
making  B  =.  —  OO,  and  the  value  sin  v  =  1  may  make  p  finite, 
showing  us  the  top  of  an  arch  coinciding  with  the  axis. 

The  value  of  the  ordinate  at  the  top  of  the  arch  is  2/1=^6^  and 

for  the  bottom  of  a  loop  is  y^  =— '-r* 


Four  Equations  partially  discussed.      By  Thomas  Hill,  of 
Portland,  Me. 

1.  In  the  "Proceedings"  of  this  Association,  vols,  xi,  p.  42; 
xii,  pp.  1-6  ;  and  xiii,  p.  158,  will  be  found  preliminary  discussions 
of  some  systems  of  coordinates,  in  which  the  present  equations 
are  further  examples. 

2.  Let  the  radius  of  curvature  be  proportionate  to  some  power 
of  the  ordinate,'!,  e.. 

The  geometry  of  the  differentials  gives,  if  r,  the  angle  of  the 
curve  with  the  axis,  is  taken  as  the  variable, 

pdT=:  Ay^  dr^-dycosr, 
3-     Whence  by  integration 

y  =  ((n-l)(^C05r— 5))"^ 

n 

/>  =  ^((n— 1)  (^cosT— J5))^"-"* 
4.    These  equations  show  that  p:=.  A  y^represents,  when 
n  =  —  1,  the  elastic  curve, 
n  =:  ^,  the  cycloid  and  its  involutes, 
n  =  f ,  an  oval  involute  to  a  four-cusped  h^^pocycloid, 
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n  =  1 ,  a  curve  presented  in  a  separate  paper  at  this  meeting, 
n  =  §,  a  curve  which  for  ^  =  0  becomes  a  parabola, 
n  =  2,  a  curve  which  for  5  =  0  becomes  the  catenary. 

5.  The  ratio  o( p  toy  may  be  written 

y —  (»— 1)  {A  cos  T— i;) 

which  for  tlie  special  case  B  =  0  gives 

y  =  (n — 1)/?  cos  T  =  (n — 1)  p  sin  r 

n_  n 

/>=  (^«(n— l))i-«(^mT)  i^ 

I  had  discussed  this  last  equation,  and  its  caustics  (Gould's  Ast. 
Jour.,  ii,  84),  before  perceiving  that  it  includes  that  case  of  the 
elastic  curve  in  which  it  crosses  the  axis  at  right  angles. 

6.  Let   the  radius  of  curvature  be  proportional   to   the   nth 
power  of  the  radius  vectcr.     This  gives  us 


P  =  Ar^        p=frj 


p  =  B' 


(n— 2)^r"— -«• 
And  for  all  cases  in  which  B  is  put  =  0 

e  =  (1— n)  (^  +  C;  r  zr  (2— n)  <P  +  (7. 

7.  If,  in  §6,  n  =  —  1,  we  find  that  for  negative  values  of  B  the 
curve  is  a  series  of  loops,  no  one  of  which  encloses  the  origin  ;  for 
positive  values  of  B,  less  than  f  y  A^  a  series  of  loops,  each  en- 
closing the  origin  ;  and  for  JB  =  0,  four  loops  meeting  in  the  origin. 
In  the  last  case,  the  curve  may  be  transformed,  with  a  loss  of  the 
alternate  loops,  into  the  forms : 

r  =  y  SAsin  2<l^=|,  3  A  sin  e-~T  =  3  0. 

For  the  value  of  B=  ^y  A  this  curve  is  a  circle,  with  the  ra- 
dius y  A. 

8.  When  n  is  put  =  1,  and  J5  =  0,  we  obtain 


logr  =  <P^^A^—i 
which  is  the  equation  of  a  logarithmic  spiral.     Inasmuch  as  in 
eveiy  curve  the  radius  of  the  evolute  may  be  written 
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and  its  radias  vector     .         ,  -s— ^ — r ^ — 

r'  =  |/r2  +  p^  —  2pp 

we  easily  show  that,  in  the  case  of  this  article,  we  have 

/)'  =  Ar" 
which  is  a  new  demonstration  of  a  familiar  property  of  the  spira 
mirabilis. 

9.  For  n  =  1,  when  B  is  negative,  the  curve,  examined  by  the 
lemma 

V  pp 

will  be  foand  to  be  a  double  spiraloid,  enclosing  the  origin  in  a 
loop,  and  becoming  a  log.  spiral  in  the  infinite  distance.  When  B 
is  positive  the  loop  does  not  enclose  the  origin.  These  spiraloids 
may  be  considered  as  the  poles  of  logarithmic  spirals  viewed  with 
a  microscope  of  infinite  power. 

10.  In  the  last  article  it  was  tacitly  assumed  that  -4  >  1.    If 


however  A  is  put  =  1,  and  n  =  1,  then  (since  r=fp  q ,  gz=y'r''^— -p^\ 
we  obtain 

whence,  by  Watson's  coordinates,  the  curve  is  a  second  involute  of 
a  circle,  with  its  centre  at  the  origin  and  its  radius  =  B^  the  con- 
stant at  the  second  involution  being  ^  B. 

If  B  is  made  negative,  the  curve  becomes  a  circle  of  infinite 
radius. 

11.  On  making^  <^  1  when  n  =  1  we  obtain 

which  is  manifestly  an  involute  of  the  epicycloid  in  which  the 
radius  of  the  fixed  circle  =  B  and  that  of  the  rotating  is  equal 
to ^=r-=.      The  epicycloid  will  have  m  cusps  when  A  = 

2(1— ^'-i-jrl— ^a)  "  * 

2|_H-m 
2-Hm  ' 

12.  Making  n  =  ^,  we  have  for  B=zO 

which  are  evident  equations  of  a  parabola. 

13.  Making  n  =  2,  we  have  for  J5  =  0 

e  =  — <P;  T  =  0;  p  =  — 00 
so  that  the  curve  has  become  a  straight  line  at  an  infinite  distance, 
parallel  to  the  axis. 

A.  A.  A.  S,,  VOL.  XXII.  3 
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14.  Making  n  =  3,  we  obtain  ez=z  —  2^;t=:  —  ^  showing  tbe 
curve  to  be  an  equilateral  h3'perbola. 

15.  Thus  a  rapid  preliminary  survey  of  the  equation /)=-4r* 
shows  it  to  contain  circles,  log.  spirals,  involutes  of  circles,  and 
of  epicycloids,  parabolas,  h3'perbolas,  and  many  interesting  new 
curves. 

16.  Let  us  now  suppose  the  radius  of  curvature  to  be  propor- 
tional to  the  nth  power  of  the  length  of  a  perpendicular  let  fall 
from  the  origin  upon  the  tangent ;  p  ^  Ap^. 

17.  In  this  case  we  readily  obtain 


n 
P  = J 

18.  This  equation  shows  that  by  putting  n'  =  ^^^  ^^  shall  ob- 
tain, for  B  =  0,  />  =  A't"";  so  that  the  equation  p  =  Ap^  includes 
the  curves  of  /?  =:  Ar^. 

19.  For  the  case  n  =  1  we  have  r  =  fp  -^^[^izji »  ^^^  values 
of  -4  >  1  this  gives  us 

and  this  runs  when  5  =  0  into  a  logarithmic  spiral. 

20.  But  when  ^<1,  t=  -4r^  cos  ^"^^  i/lz^,p 

^  I  A— I  ^     Ji        ^ 


~m 


whence  p  =  i/ i«.i~cos  Vl — A*  r  which  is  an  epicj'cloid. 


21.  And  when  ^  =  1,  n  being  zzi  1,  we  have  p  =  y'  r'^-^B^  so 
that  g  =  |/  —  By  which  gives  us  when  B  is  negative,  the  involute 
of  a  circle  with  a  radius  of  y  —  B. 

22.  When  n=3,  the  curve  reduces  for  B=i  0  to  a  parabola  and 
for  J3=— 2^,  to  />  =  ^"a-  Cot-y^. 

23.  When  w= — 3,  and  J5=0,  we  have  r= — ^,  and  the 
curve  is  the  equilateral  hj'perbola. 
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24.  Let  us  now  consider  the  radius  of  curvature  as  proportional 
to  the  nth  power  of  the  length  of  the  arc.  This  is  readily  inte- 
gi-ated,  and  gives 

7  ji 

^--.^l-»i((l_n)v)  l-n 

Whenj^  is  a  positive  integer  this  is  manifestly  some  involute 
of  a  circle ;  also  for  n=  1,  we  have  the  spira  mirabilis,  and  n=  0, 
of  course  gives  the  circle.  When  n  =  —  1  the  curve  starts  from 
the  origin  in  opposite  directions  and  coils  itself  around  two  poles 
on  a  line  passing  through  the  origin  at  45°  with  the  axis.  The 
distance  of  the  poles  from  the  origin  is  rb-4|/2:r. 

Note.— The  reader's  attention  is  called  to  Vol.  xix,  p.  21,  where  the  last  line  should 
read 

n!  n! 

and  the  close  of  the  first  line  on  p.  2*2  should  read, 

/)„  =  Re^  =eS,  =  Re«^ 


On  the  Relation  of  Internal  Fluidity  to  the  Precession  op 
THE  Equinoxes.     Br  J.  G.  Barnard,  D.  S.  Army. 

Since  the  investigations  by  Sir  Wm.  Thomson  concerning  the 
relations  between  rigidity  of  the  earth's  substance  and  precession 
(see  "Rigidity  of  the  Earth,"  Phil.  Trans.,  1863),  and  his  enunci- 
ation that  "if  the  earth  had  no  greater  rigidity  than  steel  or  iron, 
it  would  yield  about  two-fifths  as  much  to  tide-producing  influences 
as  if  it  had  no  rigidity,  more  than  three-fourths  as  much  as  if  its 
rigidity  did  not  exceed  that  of  glass,"  and,  as  a  consequence  of 
the  centrifugal  force  of  diurnal  rotation  of  these  solid  tidal  pro- 
tuberances, the  precession-producing  couple  will  be  diminished  in 
the  ratio  of  their  height  to  that  of  the  tide  of  a  wholly  fluid  sphe- 
roid ;  the  question  of  internal  fluidity  has,  in  its  relations  to  pre- 
cession, lost  much  of  its  importance.  For  though,  in  another  place, 
(Treatise  on  Nat.  Philos.,  §848)  he  states  that  "it  is  interesting 
to  remark  that  the  popular  geological  hypothesis  of  a  thin  shell 
of  solid  material,  having  a  hollow  space  within  it  filled  with  liquid, 
involves  two  effects  of  deviation  from  perfect  rigidity  which  would 
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influence  in  opposite  ways  the  amount  of  precession.  The  com- 
paratively easy  yielding  of  the  shell  must  render  the  effective  mov- 
ing couple  due  to  sun  and  moon  much  smaller  than  it  would  be  if 
the  whole  interior  were  solid,  and,  on  this  account,  must  tend  to 
diminish  the  amount  of  precession  and  nutation  :"  and  he  thinks 
that  the  ^^effective  moment  of  inertia  of  a  thin  solid  shell  contain- 
ing fluid  in  its  interior  would  be  much  less  than  that  of  the  whole 
mass  if  solid  throughout,"  and  hence  there  would  be  a  ^^compensa^ 
tory  effect."  But,  on  the  other  hand,  he  considers  the  probability 
very  small  that  this  compensation  should  chance  to  be  so  perfect  as 
the  actual  observed  precession  would  require  it  to  be ;  and  1,  for 
my  own  part,  believe  he  is  in  error  in  his  notion  that  there  is  any 
such  compensation  whatever.  (See  note  to  p.  48,  Smithsonian 
Contributions  240,  ''Problems  of  Rotary  Motion.") 

Nevertheless,  the  effect  of  Internal  Fluidity  has  been  made  the 
subject  of  one  of  the  most  famous  investigations,  concerning  the 
physics  of  the  earth,  by  the  late  Prof.  W.  Hopkins^  (Phil.  Trans., 
1839-40-42)  and  his  results  have  been  considered  so  far  authori- 
tative as  to  be  at  least  referred  to  by  most  writers  since.  So  re- 
cently as  1868  the  eminent  French  astronomer,  the  late  M.  Delaunay, 
believed  them  entitled  to  a  formal  refutation  at  his  hands,  and 
another  prominent  writer  on  the  "Figure  of  the  Earth,"  the  late 
Archdeacon  Pratt,  in  his  fourth  edition  of  1870,  has  attempted  a 
"vindication  of  Mr.  Hopkins'  method"  against  the  strictures  of 
the  French  astronomer.  Although  neither  the  "refutation"  nor 
the  "vindication"  is,  in  my  opinion,  either  one  or  the  other  {vide 
notes  pp.  39  and  49,  Smithsonian  Contributions,  240),  the  fact 
that,  at  so  recent  dates,  they  have  been  made,  shows  that  the 
question  has  not  wholly  lost  its  interest ;  that  the  overshadowing 
influence  of  the  question  of  "Rigidity"  is  not  appreciated ;  or 
finally,  perhaps  I  might  add,  that  there  is  a  large  class  of  minds, 
whose  opinions  deservedly  command  respect,  who  will  not  give 
full  credit  to  the  results  of  purelj'  mathematical  investigations  on 
such  subjects. 

To  the  latter  class,  the  mathematician  can  only  present  Ats  view 
of  the  case,  and  while  admitting,  where  data  are  so  recondite  and 
his  instrument  of  so  feeble  a  grasp  upon  the  complicated  oper- 

^Even  Sir  Wm.  Thomson  has  qaite  recenUy  ("Nature,"  Feb.  1,1872)  given  an  elabo- 
rate refutation  of  M.  Delauna^^s  views  of  "viscosity"  as  an  agent  to  nullify  Prof,  Hop- 
kins' results. 
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ation  of  nature's  forces,  that  his  exposition  may  not  comprehend. 
the  whole  matter,  claim  that  Ids  results  be  arrayed  against  tlie 
conclusions  of  other  investigators  according  to  their  probable 
weight. 

In  a  paper  on  the  "Precession  of  the  Equinoxes  in  Relation  to 
the  Earth's  Internal  Structure,"  which  has  been  read  before  the 
Academy  of  Sciences,  and  printed  as  "Smithsonian  Contributions 
to  Knowledge,  No.  240,"  I  have  endeavored  to  show  that  the  need 
of  high  rigidly  (as  first  announced  by  Sir  Wm.  Thomson),  to  great 
depths,  is  unquestionable  ;  that  to  such  depths,  at  least,  it  puts  out 
of  court  (if  I  may  use  the  expression)  the  plea  for  internal  fluidity  ; 
that  the  supposed  compensatien  in  loss  of  "effective  moment  of 
inertia"  which  even  Sir  Wm.  Thomson  would  concede  to  fluidity 
has  no  basis  of  reality.  If  the  terrestrial  spheroid  were  wholly  of 
fluid  and  (of  course)  wholly  destitute  of  rigidity,  the  tidal  protu- 
berances developed  by  solar  or  lunar  attraction  can  be  mathe- 
matically expressed  with  almost  perfect  accuracy :  and  I  have 
analytically  demonstrated  that  the  centrifugal  force  (due  to  the 
diurnal  rotation)  of  the  matter  constituting  these  tidal  protuber- 
ances exactly  neutralizes  the  precession-producing  couple  devel- 
oped by  the  foreign  attraction,  and  that,  in  such  a  spheroid,  there 
will  be  no  precession.  On  the  other  hand,  supposing  the  spheroid 
to  be  solid  throughout.  Sir  William  Thomson  has  determined  the 
degree  of  rigidity  which  its  substance  must  possess  in  order  that 
the  observed  precession  should  coincide  so  nearly  with  that  which 
theory  assigns  to  a  perfectly  rigid  spheroid  of  its  shape  and  laws 
of  internal  density,  with  this  result,  viz. :  "that  the  actual  rigidity 
should  be  several  times  as  great  as  the  actual  rigidity  of  iron 
throughout  two  thousand  or  more  miles  thickness  of  crust." 

1^  such  a  degree  of  rigidity  be  needed  to  a  crust  "two  thousand 
or  more  miles"  thick,  it  is  plain  enough  that  the  thin  crust  of  the 
geologists  (i.  e.,  a  crust  of  thirty  or  forty  miles  thickness)  would 
demand  a  rigidity  not  only  surpassing  immensurably  anything 
actually  belonging  to  cognizable  portions  of  the  earth's  external 
substance  (and  if  we  conceive  volcanic  lavas  to  come  from  the 
internal  fluid,  our  cognizance  extends  through  the  solid  crust) 
but  surpassing  anything  we  can  reasonably  attribute  to  solid 
terrestrial  matter. 

Very  strangely,  however,  the  idea  of  the  precession-neutralizing 
effect  of  elastic  yielding  of  the  earth's  substance  does  not  appear 
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to  have  entered  into  the  minds  of  physicists  until  it  was  announced 
by  Prof.  Thomson  ;  or  ratlier,  I  should  say,  it  was  taken  for  granted 
that  the  solid  earth,  or  even  a  thin  crust  of  solid  earth,  was  rigid 
enough  to  be  regarded,  in  the  treatment  of  the  problem  as  per- 
fectly rigid.  So  Prof.  Hopkins,  in  his  famous  investigations,  treats 
the  problem,  and  he  has  endeavored  to  find  in  the  precession  of 
the  equinoxes  latest  of  the  existence  of  internal  fluidity,  under  this 
point  of  view.  Ilis  result  is  probably  well  known  to  those  who 
have  given  attention  to  this  particular  subject.  It  is,  that,  consti- 
tuted internally  in  accordance  with  the  most  probable  laws  of 
density  and  of  ellipticity  of  strata  of  equal  density,  there  must  be 
a  solid  crust  of  at  least  eight  hundred  or  one  thousand  miles  of 
thickness.  But  this  determination  is  based  upon  a  supposed 
discrepancy  of  one-eighth  of  the  calculated  precession  between 
that  which  is  observed  and  that  due  to  a  homogeneous  spheroid 
having  the  earth's  figure ;  a  discrepancy  mainly  depending  upon 
the  assumption  of  ^  for  the  moon's  mass.  The  moon's  mass 
is  now  believed  to  be  much  less,  and  (see  Thompson  and  Tait, 
Nat.  Phil.,  §  828)  the  discrepancy  is  really,  if  not  inappreciable, 
certainly  small,  and  at  any  rate  so  indeterminate  as  to  afford  no 
datum  for  such  a  determination.  Did  such  a  discrepancy  exist 
and  if  it  were  with  certainty  determinable,  it  would  prove  (as  the 
subject  is  now  understood)  not  a  determinate  minimum  thickness 
of  crust,  but,  that,  by  elastic  yielding  of  the  earth's  substance,  a 
part  of  the  precession  was  lost. 

It  is  a  matter  of  scientific  curiosity,  if  nothing  more,  to 
know  the  actual  effect  of  internal  fiuiiHty  when  this  yielding  is 
excluded  and  the  crust  treated  as  perfectly  rigid  (for  the  results 
will  have  an  applicability  to  a  certain  extent  in  the  case  in  which 
the  shell  is  supposed  to  ylekl  partially  to  foreign  attraction).  In 
Prof.  Hopkins*  investigation,  while  there  is  an  elegance  of  treat- 
ment and  a  mastery  of  higher  analysis,  combined  with  skill  in  its 
application  to  physical  problems,  which  claim  admiration,  there  is, 
at  the  same  time,  I  think,  a  fallacy  in  his  application  to  the  hete- 
rogeneous spheroid,  which,  considering  the  notoriety  of  the  inves- 
tigation and  the  acceptance  it  has  met  with,  renders  it  one  of  the 
'^curiosities"  of  modern  mathematics. 

In  the  "Addendum**  to  the  Smithsonian  publication  already  al- 
luded to,  I  have  pointed  out  what  I  believe  to  be  the  underlying 
errors  of  Prof.  Hopkins'  anal3'sis,  and  have   endeavored  to  show 
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that,  attributing  perfect  rigidity  to  the  shelly  and  identity,  in  the 
two  cases,  in  the  law  of  internal  density,  the  effect  of  fluidity  of 
nucleus  is  almost  absolutely  nil;  or,  in  other  words,  that  the  pre- 
cession will  be,  with  inappreciable  difference,  the  same  for  the  two 
cases.  I  shall  endeavor  to  make  this  result  intelligible  and  the 
effects  of  fluidity  understood  without  resort  to  other  symbolism 
than  that  of  ordinary  language. 

In  the  first  place,  stability  of  the  "Figure  of  the  Earth"  de- 
mands that  if  there  be  an  internal  fluid,  it  shall  be  possessed  of 
the  earth's  diurnal  rotation  about  an  axis  coincident  (on  the  whole) 
with  that  of  the  shell.  Hence,  by  some  means,  the  fluid  as  a  mass 
must  be  possessed  of  the  same  precessional  motion  as  its  shell. 
And  again,  supposing  the  earth  to  have  been  once  wholly  fluid 
the  solidification  of  the  shell  must  have  been  governed  by  the  law 
of  density  combined  with  that  of  temperature,  and  hence  in  speak- 
ing of  a  shell  or  crust,  we  speak  of  one  having  an  inner  surface 
concentric  and  co-axial  with  the  outer,  but  with  an  ellipticity  which 
may  slightly  vary.  The  questions  then  present  themselves :  "Will 
such  an  internal  fluid  spheroid  take  up  a  common  precession  with 
the  shell?  And  if  so,  "Will  that  common  precession  be  the  same, 
or  not  the  same,  as  that  which  would  belong  to  the  entire  mass 
solidified  ?" 

The  firet  question  Prof.  Hopkins  answers  affirmatively ;  the  sec- 
ond he  answers  thus: — "The  same  if  the  shell  and  fluid  be  homo- 
genequs  and  of  same  external  ellipticities ;  not  the  same,  if  both 
the  shell  and  fluid  be  heterogeneous,  the  fluid  strata  of  equal  den- 
sity being  disposed  in  accordance  with  the  requirements  of  equi- 
librium of  figure.'' 

I  answer  the  latter  question,  "The  same  in  both  cases." 

To  make  myself  understood,  I  must  attempt  to  explain  the 
internal  actions  and  reactions  of  the  fluid. 

First :  suppose  the  fluid  homogeneous.  Let  the  following  figure 
(an  ellipse  of  small  ellipticity  e)  be  a  meridional  section  of  the  inner 
surface  of  the  shell  (for  it  matters  not  how  far  removed  the  con- 
centric external  surface  be).  Let  it  be  supposed,  however,  that 
the  axis  of  the  shell  has  been  displaced,  by  rotation  around  an 
equatorial  axis  through  O,  normal  to  the  plane  of  the  figure, 
through  a  minute  angle  P'  O  P  =  ,5  from  a  position  P  P  of  coinci- 
dence with  that  of  the  fluid ;  now  through  whatever  causes  (not 
acting  on  the  fluid)  the  shell  has  undergone  this  displacement,  it  is 
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evident,  that  the  fluid  will  not  have  been  at  once  moved  bodily  with 
the  shell,  but  will  have  undergone  the  least  possible  change  con- 

?-.«5ij>- -A  ^^      sistent  with  the  change 

m^^  \  a/^^^^  ^— M  of  position  of  its  en- 

/^  I — 4 In.    ^  velope.   The  fluid  teas 

"h I    /  \  revol  ving in  planes  nor- 

fjA  1 7  \  mal  to  PP ;  and  by  the 

r  jp? \  changed    position     of 

V- J\  ~  j  "*         the   shell,  portions  of 

\.  7"t  J^  the    fluid     contiguous 

\;^ -f--i /  to  the  poles  PP  must 

^^^^./^^5  ^^^^y^^  tn  change  their  planes  of 

^      V  rotation    which     were 

perpendicular  to  PP,  through  the  minute  angle,  a,  to  parallelism  to  a 
plane  tangent  at  P  to  the  displaced  shell,  which  angle  is  of  thesame 
order  of  magnitude  with  respect  to  [i  (or  P  OP') as  the  ellipticity, 
€,  supposed  small,  is  lo  ordinary  magnitude  (calculation  gives 
a  =  2s)/3' ;  and  hence  a  minute  quantity  of  the  second  order.  The 
least  change  possible  in  the  fluid  is  that  all  its  planes,  mm^  mm, 
7wm,  etc.,  come  into  parallelism  with  the  tangent  plane  PM.  In 
this  position  the  rotary  planes  of  the  fluid  are  skevi  to  their  own 
axis;  and  the  pressure  upon  the  shell  arising  from  its  centrifugal 
forces  is  unsym metrically  distributed  on  the  inner  shell  surface, 
giving  rise  to  a  *'couple'*  acting  to  turn  the  shell  back  from  its 
displaced  to  its  original  position  ;  or  on  the  other  hand,  by  reaction, 
tending  to  turn  the  fluid  mass  in  the  reverse  direction  to  a  position 
of  axial  coincidence  with  the  displaced  shell.  Since  the  displace- 
ment, a,  of  the  plane  of  rotation  is  minute  compared  to  the  axial 
divergence  P  O  P',  tiiis  latter  movement  will  be  nearly  equivalent  to 
a  rotation  of  the  fluid  as  a  mass  about  the  equatorial  axis  through 
O ;  that  is  to  say,  that  the  forces,  acting  on  each  particle  to  turn 
the  fluid  mass  to  axial  coincidence  with  the  shell,  will  be  propor- 
tional to  its  distance  from  the  axis  through  O. 

This  is  very  elegantly  demonstrated  by  Prof.  Hopkins,  by  refer- 
ence to  the  conditional  equations  for  fluid  equilibrium  for  an  en- 
veloped fluid,  by  which  he  computes  the  intensity  of  effort  for  each 
particle.  The  correctness  of  this  rationale,  and  the  accuracy  of 
his  computation  find  (as  I  have  elsewhere  demonstrated)  a  very 
interesting  confirmation  in  the  analytical  theory  of  the  tides.  The 
analytical  expression  for  the  tidal  distortion  of  a  revolving  sphe- 
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roid,  entirely  fluid,  indicates  a  simple  displacement  of  the  external 
configuration,  like  that  of  the  diagram,  the  axis  of  the  Jigure  being 
displaced  from  P  to  P'.  No  attempt  has  been  heretofore  made 
to  show  how  the  fluid  mass,  presuming  its  rotary  velocity  and  axis 
unchanged,  adapts  itself  to  this  change ;  but  I  have  shown  (note, 
p.  43,  Smithsonian  Contributions,  240)  that  Prof.  Hopkins'  com- 
pated  reaction,  due  to  the  minute  change  of  rotary  planes,  is 
exactly  equivalent  to  the  foreign  attraction-couple  which  would 
produce  it ;  and  hence  we  may  regard  tidal  distortion  as  a  minute 
angular  displacement  of  the  planes  of  rotation. 

Now,  in  the  theory  of  precession^  as  it  is  usually  set  forth,  and 
as  the  fact  is  visibly  exhibited  by  the  gyroscope,  rotating  bodies 
subjected  to  the  action  of  a  couple^  take  a  gyratory  movement,  the 
axis  of  rotation  moving  at  right  angles  to  the  plane  of  the  couple. 
Thus,  by  the  interaction  I  have  described  between  shell  and  fluid, 
their  masses  will  be  subjected  to  gyratory  motion,  in  opposite 
directions,  the  degree  of  which  will  evidently  be  in  inverse  pro- 
portion to  their  respective  moments  of  inertia  (taking  that  of  the 
fluid  as  if  solid)  and  their  gyration  cannot  produce  greater  diver- 
gence of  the  axis  than  the  original  disturbance,  but  are  simply 
relative  oscillations.^ 

Let  us  now  take  another  view  of  the  subject  and  suppose  the 
shell  and  fluid  both  revolving  with  common  angular  velocity  about 
their  common  axis  of  figure,  to  be  subjected  to  a  foreign  attraction 
from  some  point  (e.  g.^  the  solar  or  lunar  centres)  situated  at  a 
finite  distance  and  not  in  the  plane  of  the  equator.  Owing  to 
inequality  of  distances  the  resultant  of  this  attraction,  were  the 
whole  mass  rigid,  would  develop  a  couple  tending  to  turn  (or  tilt) 
it;  and  hence,  as  is  well  known,  arise  the  phenomena  of  preces- 
sion. But  the  internal  fluid  spheroid  of  our  hypothesis  is  desti- 
tute of  rigidity,  and  the  shell  alone  will  be  directly  subjected  to 
the  tilting  efliect  and  resulting  precessional  motion.  But  by  the 
unequal  action  of  the  attraction  upon  the  particles  of  the  fluid, 
pressure  will  be  developed  upon  the  inner  surface  of  the  shell.  If 
the  fluid  be  homogeneous  the  analytical  expression  for  this  pres- 
sure can  be  directly  deduced  from  that  for  the  tides  of  a  wholly 
fluid  spheroid,  as  I  have  obtained  them  (Smithsonian  Contribu- 

'  The  foregoing  rationale  has  reference  to  Prof.  Ilopkins*  treatment.  A  more  simple 
one  is  to  regard  the  tilting  of  each  fluid  rotational  plane,  mm,  as  producing  a  tendency 
to  gyration:  which  tendency  can  only  be  yielded  to,  consistently  with  undisturbed 
roration  of  the  fluid  mass,  by  a  bodily  gyration  of  that  mass. 
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tions,  240,  note  to  p.  44)  or  they  can  be  directly  computed  from  an 
integration  of  the  elementary  attractions  and  couples,  as  Prof. 
Hopkins  has  done.  In  either  way  the  result  will  be  that  the 
pressure-couple  upon  the  shell  is  identical  with  that  which  wotdd 
be  exerted  on  the  fluid  mass  if  solidified.  And  hence  upon  the 
shell  is  exerted  the  entire  precession- producing  couple  due  to  the 
entire  mass.  Hence  the  shell  would  initially  have  the  precession 
due  to  this  total  couple  acting  upon  its  partial  mass  and  moment 
of  inertia.  We  may  regard  it,  therefore,  as  at  the  first  moment 
taking  up  this  accelerated  precession  independently  of  the  fluid. 
But  this  cannot  continue  for  a  finite  time  (however  minute)  with- 
out producing  the  relative  displacement  of  shell  and  fluid,  exhibited 
in  the  diagram,  by  which  gyration,  and,  consequently,  preces- 
sional  motion,  is  impressed  upon  the  fluid.  In  consequence,  the 
fluid  and  shell  take  up  a  common  precession,  subject  to  the  minute 
(relatively  to  each  other)  oscillations  of  their  axes.  In  reacting 
against  the  shell  we  have  seen  that  the  fluid  opposes  the  moment 
of  inertia  due  to  its  mass,  and  thus,  finally  the  actual  precession 
becomes  tliat  due  to  the  tota^  attraction -couple,  combined  with  the 
total  moment  of  inertia.  Hence  the  resulting  precession  is  the 
same  as  if  the  whole  mass  were  solidified  into  rigid  continuity ; 
in  other  words,  the  existence  of  a  fluid  nucleus  does  not  affect 
precession,  if  the  fluid  be  homogeneous.  This  is  Prof.  Hopkins 
result,  as  it  is  mine,  though  it  is  deduced  by  him  from  a  minute 
analysis,  which  introduces  into  the  differential  equations  for  rotary 
motion  (for  shell  and  fluid  separately)  all  the  various  elementary 
forces  acting  on  each  other. 

If  we  now  take  the  case  of  heterogeneity  of  the  fluid,  we  must, 
in  the  first  place,  assume  that  the  strata  of  equal  density  are 
disposed  according  to  the  laws  of  equilibrium,  having  reference 
to  tlje  Figure  of  the  Earth.  That  is  to  say,  the  strata  will  be 
concentric  spheroidal  surfaces  of  ellipticity  differing  slightly  from 
that  of  the  exterior  by  diminishing  inwards  with  increasing  den- 
sities. This  will  not,  however,  affect  the  reasoning  which  has 
been  applied  to  relative  displacement,  as  illustrated  by  the  dia- 
gram, in  the  case  of  homogeneity.  If  the  shell  suffers  a  slight 
displacement  relatively  to  the  contained  fluid,  there  will  arise 
an  interaction  of  which  the  rationale  is  identically  the  same  as 
for  the  case  of  homogeneousness.  The  only  question  then,  is, 
'*  Will  the  pressure-couple  upon  the  shell  developed  in  the  fluid, 
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through  the  action  of  a  foreign  attraction,  be  identical  with  that 
which  the  attraction  would  produce  upon  the  fluid  if  solidified?" 
I  would  answer  by  the  affirmation  :  ''  Given  a  heterogeneous  fluid 
wholly  enveloped  by  a  rigid  boundary  surface  and  subjected  to  a 
foreign  attraction,  and  a  condition  of  static  equilibrium  assumed, 
the  pressurc-couple  exerted  by  the  fluid  on  the  shell  cannot  differ 
from  that  which  the  attraction  would  exert  on  the  solidified  fluid."^ 
The  assumed  state  of  static  equilibrium  implies  not  only  reference 
to  the  mutual  attractions  of  the  parts,  but  to  the  foreign  attrac- 
tion. Now,  in  the  case  of  the  heterogeneous  earth,  the  conditions 
for  this  static  equilibrium  are  very  complicated,  and  though  the 
distortion  of  stratification,  which  a  heterogeneous  earth-spheroid, 
wholly  fluid,  would  undergo  by  the  attraction,  can  be  determined 
by  use  of  transcendental  analysis  (the  use  of  Laplace's  coeffi- 
cients, now  more  commonly  called  spherical  harmonics),  I  know  no 
attempt  to  determine  either  the  distortion  of  strata  of  an  enveloped 
fluid  (when,  as  in  the  case  of  the  earth,  the  mutual  attraction  of 
the  constituents  of  shell  and  fluid  is  to  be  taken  into  account) 
or  the  resulting  pressures  upon  the  envelopes.  Prof.  Hopkins  has 
cut  this  Gordian  knot  by  the  simple  process  of  integrating  from 
centre  to  surface  the  foreign  attraction,  as  a  free  force  acting  on 
the  fluid  particles  ;  and  it  is  not  at  all  surprising  that,  obtained  in 
this  way,  the  resulting  pressure-couple  is  not  identical  with  that 
which  would  be  developed  by  the  attraction  on  the  solidified  fluid. 
On  this  fallacy,  and  this  alone,  depends  his  final  and  celebrated 
result.  There  are  (besides  the  self-evident  erroneousness  of  the 
process)  two  tests  of  its  error.  Applying  the  same  process  to 
determining  the  pressure-couple  exerted  on  the  shell  by  the  agency 
of  the  centrifugal  forces  of  diurnal  rotation  in  the  fluid  particles, 
he  gets,  for  the  action  and  re-action  of  shell  and  fluid,  in  the  case 
illustrated  in  the  diagram,  couples  not  identical.  Again,  his  final 
formula  for  the  precession  of  the  earth,  supposing  it  to  consist  of 
an  interior  heterogeneous  sphered ial  shell,  gives  (as  I  show,  note 
to  page  47,  Smithsonian  Contributions,  240)  with  decreasing  in- 
ternal ellipticities  less  precession  (instead  of  greater,  as  he  sup- 
poses) than  would  belong  to  entire  solidity.     Hence,  increasing 

*  A  denial  of  this,  carried  to  its  legitimate  conecqiienceB,  would  involve,  I  tbink,  a 
Tiolation  of  law  of  the  "  conservation  oi  energy."  The  slight  motion  of  change  of 
configuration  which,  in  diurnal  rotation,  the  strata  must  undergo  to  accommodate 
themselves  to  this  condition  of  static  equilibrium,  is  investigated  by  Prof.  Hopkins, 
and  found  insigniilcant. 
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the  thickness  of  the  crust  increases  (if  we  accept  his  formula  as  a 
true  exponent)  instead  of  diminishing  precession  ;  and  the  actual 
deduction  from  it  shouhl  be,  tliat  even  entire  soUdfflcation  would 
not  result  in  the  diminished  precession  sought  for.  I  further  re- 
mark that  the  necessary  identity  of  the  interacting  couples 
(upon  shell  and  fluid),  due  to  centrifugal  forces  in  the  fluid,  indi- 
cates a  correction  for  the  pressure-couple  exerted  on  the  shell 
from  that  cause  which,  if  likewise  applied  to  the  analogous 
computation  for  the  pressure-couple  developed  by  foreign  at- 
traction (the  sources  of  the  error  of  computation  in  both  these 
cases,  as  before  indicated,  being  the  same),  renders  Prof.  Hopkins* 
formula  an  exponent  of  the  truth  of  my  thesis,  viz. :  that  preces- 
sion is  not  affected  by  the  hypothesis  of  internal  fluidity,  whether 
the  crust  and  fluid  be  homogeneous  or  heterogeneous. 

I  shall  conclude  this  paper,  intended  merely  to  give  an  easily 
comprehensible  notion  of  the  relation  of  internal  fluidity  to  the 
precession  of  the  earth,  with  the  remarks  appended  to  my  discus- 
sion of  Prof.  Hopkins'  analysis,  in  the  Smithsonian  Contributions 
already  referred  to. 

1st.  The  analysis  of  Prof.  Hopkins,  in  its  application  to  a  ho- 
mogeneous fluid  and  shell,  seema  to  establish  (and  the  result  is 
confirmed  by  its  harmony  with  tidal  phenomena,  as  alread}'^  men- 
tioned) that  the  rotation  imparts  to  the  fluid  a  practical  rigidity 
by  which  it  reacts  upon  the  shell  as  if  it  were  a  solid  mass,  while 
its  pressure  imparts  to  the  shell  the  requisite  couple  to  preserve 
the  precession  unchanged. 

2d.  The  same  practical  rigidity  is,  with  entire  reason,  attributed 
to  the  heterogeneous  fluid  by  which  (leaving  out  of  view  minute 
rcZaiive  oscillations  which  do  not  aflTectthe  mean  resultant  in  other 
natural  phenomena  and  should  not  in  this)  the  shell  and  fluid  take 
a  common  precession. 

3d.  The  two  masses  retaining  their  configurations,  mutual  rela- 
tions and  rotary  velocities,  essentially  unaltered  by  the  hypothesis 
of  internal  fluidity,  it  would  be  a  violation  of  fundamental  mechan- 
ical principles  were  the  resulting  precession  not  identical  with 
that  due  to  the  entire  mass  considered  as  solid. 

4th.  The  common  and  identical  precession  of  fluid  and  shell 
resulting  from  the  analysis  is  indispensable  to  any  conception  of 
precession  for  the  earth  as  composed  of  thin  shell  and  fluid  ;  for 
otherwise  internal  equilibrium  would  be  destroyed  and  the  "Figure 
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of  the  Earth"  cease  to  have  any  assignable  expression.  The 
entire  mass,  fluid  and  solid,  must  (without  invoking  the  aid  of 
** viscosity")  be  "carried  along  in  the  precessional  motion  of  the 
earth."  Prof.  Hopkins'  analysis  demonstrates  the  possibility,  and 
exhibits  the  rationale^  of  such  a  community  of  precession,  but  fails 
in  the  attempt  to  exhibit  a  test  of  the  existence  or  absence  of  in* 
temal  fluidity. 

5th.  The  powerful  pressures  that  would  be  exerted  upon  a  thin 
and  rigid  shell  would  probably  produce  in  it  noticeable  nutational 
movements  ;^  while  if  the  shell  be  not  of  a  rigidity  far  surpassing 
that  of  the  constituents  of  the  cognizable  crust,  the  "preeessional 
motion  of  the  earth"  would,  owing  to  the  neutralizing  effect  of 
tidal  protuberances,  scarcely  be  observable. 


Musical  Flow  of  Water.  By  H.  F.  Walling,  of  Boston,  Mass. 
Mr.  Walling  called  the  attention  of  the  sub-section  to  a  strong 
musical  tone  emitted  by  the  faucet  of  one  of  the  wash  basins  in 
the  toilet  room  of  the  City  Hall  building,  where  the  meetings  were 
held.  This  tone  could  be  made  to  vary  about  an  octave,  by 
slightly  opening  and  closing  the  faucet.  It  only  sounded  when 
the  flow  of  waters  was  very  small.  The  pressure  of  the  water  be- 
ing modified  by  its  motion,  sudden  closings  or  partial  closings  of 
the  valve  took  place,  by  which  shocks  like  those  of  the  water  ram 
were  produced.  The  pitch  of  the  tone  depended  of  course  upon 
the  rapidity  with  which  the  shocks  succeeded  each  other.  The 
range  was  from  lower  to  middle  C  of  the  scale,  corresponding  to 
the  production  of  from  256  to  512  shocks  per  second. 

Mr.  A.  A.  Breneman  of  Lancaster,  Pa.,  alluded  to  the  analogy 
between  this  action  and  that  of  musical  flames,  and  said  he 
was  accustomed,  when  performing  the  experiments  before  his 
classes,  to  illustrate  the  cause  of  the  latter  by  comparing  the  out- 
rushing  molecules  to  a  flock  of  sheep  running  through  a  gate, 
when  successive  blockings  up  would  occur,  alternately  followed  by 
rushes. 

•Without  reference  to  coDTentional  "Nutatloii,"  which  is  but  a  form  of  precession 
due  to  the  non*coincidence  of  the  pUne  of  the  moon's  orbit  and  ecliptic.  The  **l^uta* 
tion«"  referred  to  aro  explained  in  '^Smithaonian  Contributions/' 240. 
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The  Rblatiok  of  the   Dissipation  of  Energy  to    Ck>8MiCAL 
Evolution.    By  H.  F.  Walling,  of  Boston,  Mass. 

The  dissipation  of  energy  is  a  continuous  process,  quite  familiar 
to  mankind  in  its  main  features  and  results,  since  tlie  days  of  the 
ancient  philosophers.  It  was  recognized  by  them  that  all  mechan- 
ical motions,  being  dissipated  by  friction,  graduall}'  diminish,  and 
must  finally  cease  unless  maintained  by  external  power.  In  the 
language  of  modern  science  the  motion  which  thus  disappears  is 
converted  from  molar  into  molecular  motion. 

It  may  be  added  that  molecular  energy,  existing  mainly  in  the 
form  called  heat,  tends  to  equalization  or  dynamic  equilibrium, 
after  the  attainment  of  which  it  is  powerless  to  produce  molar  or 
mechanical  motion,  a  reconversion  from  the  conditions  of  equilib- 
rium being  impossible. 

Accordingly  the  power  to  produce  mechanical  motion,  exerted 
b}''  the  heat  of  the  sun,  which  is  being  lavished  with  such  prodigious 
prodigality,  can  only  last  while  the  sun  continues  to  be  hotter  than 
other  bodies  in  space.  At  present  it  is  well  understood  that  all  ter- 
restrial motive  power  is  derived  from  this  source  with  the  single 
unimportant  exception  of  that  obtained  from  the  tides,  at  the  ex- 
pense of  the  earth's  energy  of  rotation.  Among  the  more  obvious 
processes  of  conversion  of  the  sun's  molecular  into  terrestrial 
molar  motion,  are  the  expansion  and  contraction  of  the  atmos- 
phere, the  evaporation  and  condensation  of  water  and  the  less 
direct  method  by  restoration  of  potential  chemical  energ}^  accom- 
plished in  vegetation,  whence  are  produced  food  and  fuel. 

But  it  is  supposed  the  sun  will  finally  grow  cold,  and  that 
the  resistance  of  the  ethereal  medium,  the  evidence  of  whose  ex- 
istence is  found  in  the  demonstration  of  the  undulatory  theory  of 
light,  will  cause  satellites  to  fall  into  planets,  planets  into  suns 
and  suns  into  one  common  centre,  after  which,  unless  by  special 
interposition  of  divine  power,  darkness,  silence  and  death  will  for 
ever  prevail. 

This  gloomy  prediction  is  of  course  inconsistent  with  the  theory 
of  continuous  evolution,  which  obviously  excludes  from  cosmical 
economy,  catastrophes  or  extensive  destructive  effects. 

A  careful  consideration,  however,  of  the  circumstances  which 
will  be  likely  to  accompany  the  falling  of  a  satellite  into  its  planet 
may  lead  to  the  conclusion  that  this  occurrence  will  not  necessarily 
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be  catastrophic.  The  process  mast  certainly  be  an  exceedingly 
slow  one,  no  progress  in  it  having  been  detected  throughout  all  the 
recorded  observations  of  the  moon's  motion  extending  over  thou- 
sands of  years.  The  only  practical  evidence  which  has  been  ad- 
duced to  prove  the  resistance  of  a  medium,  namely,  a  very  slight 
dimination  in  the  period  of  that  nearly  evanescent  body,  Encke's 
comet,  is  very  far  from  being  definite  and  satisfactory.  The  mass 
of  the  moon  being  enormously  greater,  it  is  probable  that  many 
millions  of  3'ears  will  pass  before  a  diminution  of  her  orbital  period 
from  this  cause  will  be  perceptible.  The  immense  periods  of  time 
attributed  to  the  past  processes  of  geological  evolution,  and  to 
the  supposed  metamorphoses  of  organic  life,  are  therefore  very 
brief  when  compared  with  those  required  for  the  return  of  sat- 
ellites to  their  parent  orbs,  admitting,  as  theoretical  considerations 
seem  to  require,  that  such  returns  are  ultimately  inevitable. 

The  eccentricity  being  diminished  by  the  resistance  of  a  medium, 
the  moon's  orbit  would  eventually  become,  and  afterwards  continue, 
circular,  so  that  final  contact  would  be  unaccompanied  by  violent 
collision.  But  before  the  time  of  actual  contact,  changes  of  form 
would  be  induced  both  in  planet  and  satellite  by  mutual  attrac- 
tions, exemplified  in  the  production  of  daily  teiTestrial  tides.  The 
investigations  of  Hopkins,  Thompson,  and  recently  of  Barnard,^  in 
regard  to  tidal  and  precessional  influences,  indicate  that,  even  at 
the  present  distance  of  the  moon,  they  must  cause  elongations  and 
contractions  of  the  solid  materials  of  the  earth,  which  are  quite 
appreciable.  A  considerable  diminution  of  the  distance  between 
the  eaith  and  moon  would  give  rise  to  changes  in  the  form  of  the 
earth,  and  hence  to  bendings  to  and  fro  of  its  external  shell  even 
if  the  earth  were  solid  throughout.  This  would  be  accompanied 
by  earthquakes  and  kindred  disturbances  far  exceeding  in  magni- 
tude and  destructiveness  anything  of  the  kind  now  known  to  man. 
The  frequency  of  these  occurrences  would  be  the  same  as  that 
of  the  moon's  meridian  passage. 

Resistances  to  this  tidal  action,  however,  would  be  developed, 
in  consequence  of  which  the  molar  motion  of  rotation  would  be 
converted  into  molecular  motion,  so  long  as  the  angular  motion  of 
rotation  in  either  body  was  different  from  that  of  the  moon's  revo- 
lution, until  the  rotations  became  synchronous  with  the  revolution, 
a  condition  already  arrived  at  in  the  case  of  the  moon.      S3^n- 

>  See  this  volume,  Sec.  A,  p.  85. 
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cbronism  once  attained  would  be  permanent,  acceleration  both  of 
revolution  and  rotation  occurring  as  the  distance  diminished,  and 
both  at  tlie  expense  of  the  potential  energy  of  gravity  between  the 
two  bodies.     Each  body  presenting  the  same  face  to  the  other,  no 
meridian  passage  could  take  place  and  hence  no  tidal  action. 

But  there  3'et  remains  to  be  considered  a  continually  increasing 
tendency  to  distortion  of  form  consequent  upon  approach.  This 
effect  would  be  produced  very  gradually,  being  spread  over  such 
enormous  durations  of  time.  The  curious  and  complicated  fold- 
ings of  the  rocks,  in  the  Appalachian  regions,  indicate  that  the 
solid  materials  of  the  earth  are  sufficiently  plastic  to  allow  it  to 
take  on  any  form  towards  which  forces  of  sufficient  magnitude 
direct  it,  provided  the  times  be  very  greatly  extended.  Hence, 
considering  the  extreme  slowness  of  the  process,  it  may  be  reason- 
able to  conclude  that  the  forms  ultimately  developed  would  be 
identical  with  those  which  would  be  assumed  by  liquid  masses 
having  the  same  relative  positions  and  velocities. 

The  determination  of  these  forms  is  a  problem  for  the  mathema- 
ticians. In  the  absence  of  analysis,  no  reason  is  manifest  for 
supposing  that  the  forms  of  equilibrium  would  be  materially  dif- 
ferent just  before  and  just  after  contact.  May  it  not  be  that  the 
order  of  change  would  be  a  partial  reversal  of  certain  supposed 
processes  of  the  nebular  hypothesis?  Thus  the  moon  may  be 
gradually  elongated  into  a  closed  ring  which  will  slowly  contract 
upon  the  earth  as  the  energy  of  angular  velocity  is  gradually 
dissipated  by  the  friction  of  the  medium.  In  any  event  there 
seems  to  be  no  good  reason  to  suppose  that  there  will  be  such 
a  sudden  leap  in  the  final  osculation  or  embrace  as  would  result 
in  a  catastrophe. 

The  same  considerations  apply  to  the  gravitational  relations 
between  planets  and  suns.  Other  very  important  relations  between 
these  bodies,  however,  with  which  organic  life  is  more  especially 
concerned,  require  attention.  One  fundamental  requisite  to  all 
known  terrestrial  organic  life  is  the  conversion,  within  living 
bodies,  of  molecular  energy,  either  into  molar  motions,  or  into  po- 
tential energy  which  may  afterwards  be  thus  converted.  All  living 
animals  and  plants,  therefore,  depend  for  their  existence  upon  the 
passage  through  their  bodies,  of  heat,  light  and  other  molecular 
forces  originating  in  the  sun,  in  the  movement  towards  distribu- 
tion and  equalization. 
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The  integrity  of  cosmieal  evolution  in  relation  to  organic  life, 
accoi-dinglyfSeem^  to  require  the  maintenance  of  great  central  lab- 
oratories where  molecular  disturbances  of  sufficient  intensity  and 
quantity  can  be  continually  generated,  and  their  etfects  distrib- 
uted throughout  the  universe.  Notwithstanding  the  enormous  ex- 
penditure of  heat  by  the  sun  its  temperature  is  supposed  to  have 
been  maintained  about  the  same  as  at  present  for  a  very  long 
period  of  time  in  the  past,  and  no  reason  is  manifest  why  this  fixed 
temperature  will  not  continue  for  a  very  long  time  in  the  future. 
Doubtless,  operations  are  going  on  in  the  sun  which  it  would  be 
impossible  to  imitate  in  terrestrial  laboratories.  May  it  not  be 
tliat  the  conditions  of  materials  and  the  circumstances  of  pressure, 
chemical  affinity,  etc.,  are  such,  that  substances  more  elementary 
than  our  so  called  chemical  elements  are  uniting  with  an  energy 
far  exceeding  that  of  any  chemical  combination  we  can  effect,  and 
so  prodigious  as  to  maintain,  at  comparatively  small  expenditure 
of  material,  the  sun*s  temperature  at  that  enormous  degree  which 
marks  the  dissociation  point  of  the  tremendously  energetic  com- 
bination ?  The  duration  of  the  combination  or  combustion  would 
thus  be  prolonged  to  an  enormously  remote  period.  At  last,  when 
all  the  potential  energy  due  to  this  particular  reaction  became  ex- 
hausted by  the  combination  of  all  the  special  materials  required 
for  it,  new  materials  whose  dissociation  point  had  a  lower  tempera- 
ture and  which  had  consequently  been  prevented  from  combining 
previoush',  would  commence  upon  a  similar  process  of  combustion. 
And  so  we  may  suppose  combination  to  follow  combination  until 
finally,  perliaps  at  a  time  when  the  planets,  freighted  with  their  liv- 
ing inhabitants,  have  begun  to  arrive  at  the  sun's  surface,  long 
after  the  fires  of  the  last  combustion  have  expired,  it  has  itself 
become  a  habitable  globe  lighted  and  heated  or  served  by  other 
molecular  forces  from  distant  orbs,  where  new  conditions  cause  new 
chemical  combinations  and  conversions  of  newly  developed  poten- 
tial energies. 

Finally,  giving  play  to  the  imagination,  why  may  we  not  sup- 
pose, farther,  that  in  a  universe  extended  throughout  infinite  space, 
processes  of  concentration,  similar  to  those  supposed  in  the  nebular 
hypothesis  and  supplemented  by  processes  like  those  here  indi- 
cated, will  go  on  forever,  evolving  worlds  of  continually  increasing 
magnificence,  perhaps  inhabited  b}'  living  occupants  of  inconceiv- 
ably transcendent  and  ever  expanding  faculties? 

A.  A.  A.  S.,  VOL.  xxii.  4 
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Direction  op  Wind  in  Local  Thunder  Storms.     By  IIiram  A. 
Cutting,  of  Lunenbargh,  Vermont. 

In  July,  ]S50,  at  Franconia,  N.  II.,  I  was  exposed  in  a  buggy  to 
the  fury  of  one  of  those  local  showers  that  pour  rain  in  torrents, 
accompanied  by  some  hail  and  much  thunder  and  lightning. 

As  I  was  riding  leisurely  along  I  observed  a  small  black  cloud 
almost  directly  overhead.  It  increased  with  great  rapidity,  and 
in  ten  minutes  the  torrent  came  down.  The  wind  was  in  gusts 
from  ail  points  of  the  compass,  demolishing  my  umbrella  in  a  twink- 
ling, leaving  me  to  the  mercy  of  the  elements.  I  was  drenched 
in  a  moment  and  in  an  incredibly  short  space  of  time  the  body  of 
the  buggy  was  full  and  overflowing  though  nearly  four  inches  in 
height. 

The  roads  were  like  rivers  and  everything  was  flooded.  In 
driving  north  three  and  one-half  miles  I  passed  entirel}^  out  of 
the  limit  of  the  storm  of  hail  and  rain,  but  the  wind  for  two  miles 
farther  had  been  violent  from  the  south,  prostrating  corn  and 
some  trees  and  blowing  down  one  barn.  The  next  morning  I  re- 
passed the  ground  and  found  that  the  southern  limit  of  the  storm 
was  about  six  miles  from  its  northern  limit,  and  that  at  that  part 
the  wind  was  strong  from  the  north,  doing  some  damage. 

In  the  afternoon,  I  visited  the  iron  ore  hill  in  Lisbon,  which  lies 
west  of  the  centre  of  the  shower,  and  found  the  wind  there  had 
been  strong  from  the  east.  Upon  my  return  1  examined  carefully 
by  the  plants  and  trees,  and  by  inquiry,  into  the  direction  of  the 
wind  and  found  it  upon  the  westerly  side,  in  every  instance  direct 
from  the  storm  and  all  described  it  as  cool,  though  the  forenoon  of 
the  day  of  the  shower  was  very  hot  and  sultry  with  so  little  wind 
that  I  was  unable  to  learn  its  direction. 

As  the  eastern  limit  of  the  storm  was  towards  the  White  Moun- 
tain range  and  a  wilderness,  I  could  get  no  information  of  its  extent 
or  severity,  except  by  the  rise  of  the  streams  fed  by  it,  which  was 
very  great  on  all  little  streams,  within  or  running  through  the 
limit  of  a  circle  six  miles  in  diameter. 

Upon  my  return  home  to  Concord,  Vt.,  1  resolved  to  investigate 
fully  the  next  storm  of  similar  import.  I  soon  removed  toLunen- 
burgh,  where  I  now  reside,  but  saw  nothing  of  similar  storms 
until  June  30,  1856.  The  morning  was  sultry,  the  forenoon  hot, 
with  thermometer  at  98°.     The  wind  was  unsteady,  but  fiom  south- 
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erlj  points.  At  about  noon  a  dark  low  cumulus  cloud  appeared 
in  the  west,  which  rapidly  increased  in  size,  until  it  hung  with 
inky  blackness  over  the  east  part  of  Concord  about  five  miles 
away.  At  noon,  there  was  a  strong  breeze  from  the  east,  setting 
directly  towards  this  cloud  anci  quite  stead}-.  At  one  o'clock 
p.  M.,  there  was  a  hard  gusty  wind  blowing  directly  from  the 
shower,  feeling  quite  chilly  after  the  forenoon  heat  and  causing 
the  thermometer  to  fall  in  a  few  minutes  to  seventy  degrees. 

The  cloud  hung  over  the  same  place  for  half  an  hour  longer, 
\rhen  it  became  lighter  and  was  soon  broken  up  in  fragments  and 
dissipated.  During  the  afternoon,  small  showers  came  up  round 
al>out  and  at  three  it  rained  slightly  at  Lunenburgh. 

The  next  morning,  hearing  reports  from  the  hail  storm,  I  went 
to  the  field  of  disaster.  I  found  the  storm  of  great  severity  but  of 
limited  extent,  being  all  within  the  radius  of  one-half  mile.  When 
within  a  mile  of  the  storm  there  were  indications  of  a  strong  wind 
from  the  west  (I  was  approaching  from  the  east)  sufficiently  so 
to  blow  down  many  trees  beyond  the  limit  of  the  hail  and  rain. 
I  found,  upon  examination,  some  trees  blown  down  upon  every 
side  of  the  storm,  yet  the  wind  invariably  from  the  storm  cloud. 
I'pon  inquiry,  I  found  the  wind  as  far  as  noticed  before  its  com- 
mencement, blew  directly  towards  it  from  all  quarters.  The  storm 
though  so  limit.ed,  was  of  unusual  violence,  in  fact  almost  without 
precedent  in  this  section.  The  lightning  was  terrific,  striking 
trees,  etc.  The  testimony  showed  the  thunder  the  heaviest  ever 
known  and  almost  incessant. 

The  cloud  to  the  parties  living  there,  seemed,  as  it  appeared  to 
me  five  miles  distant,  to  form  directly  overhead ;  the  atmosphere 
seemed  very  sultry  while  it  was  forming,  with  hardly  a  breath  of 
air.  I  could  not  learn  that  there  was  any  special  direction  of  the 
wind  and  think  there  was  not  enough  to  note.  The  cloud  formed 
so  rapidW,  that  the  farmers  in  their  fields  did  not  leave  their  work 
until  an  almost  total  darkness  settled  down  upon  them,  yet  with 
the  opportunity  of  seeing  a  band  of  clear  sky  in  all  directions,  q.t 
the  horizon.  There  was  a  strange  feeling  of  oppressiveness  in 
the  atmosphere.  When  the  storm  commenced  at  one  o'clock  p.  m., 
a  complete  deluge  of  water  first  came  down,  followed  almost 
immediately  by  hailstones  and  chunks  of  ice  several  inches  in  di- 
ameter which  seemed  pressed  to  earth,  with  a  violent  wind  crushing 
branches  down  from  the  trees  with  fearful  violence.     The  duration 
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of  the  storm  was  no  more  than  thirty  minutes,  yet  in  a  circle  one 
mile  in  diameter  no  green  thing  was  left.  The  leaves,  branches 
and  even  the  bark,  were  stripped  from  the  orchards  and  shade  trees. 
A  sugar  orchard  standing  in  the  storm  was  destroyed  in  the  same 
manner.  The  shingles  from  the  roofs  and  some  boards  were  bat- 
tered from  the  buildings  and  broken  in  pieces  by  tiie  ice.  The 
glass  and  sashes  were  all  broken.  The  grass  crop  was  entirely 
destroyed  so  that  the  grass  fields  looked  like  ploughed  ground  and 
it  was  next  to  impossible  to  find  straws  more  than  two  inches  long. 
What  became  of  the  heavy  crop  of  gi*ass,  ready  for  the  harvest,  I 
cannot  say. 

Potatoes  well  hilled  up  by  twice  hoeing  were  destroyed  and  the 
ground  levelled  as  though  it  had  been  done  with  a  roller,  and  no 
stalks  of  potatoes  or  corn  could  be  found  upon  all  the  ground. 
The  hailstones  and  masses  of  ice  were  piled  up  like  snow  drifts 
in  winter  ;  and  twenty-four  hours  after  the  storm,  in  one  drift  by 
actual  measurement  there  were  over  twenty-five  cords.  Upon  the 
outer  edge  of  the  storm  where  the  outward  wind  was  strong  there 
was  only  rain,  and  a  mile  from  the  centre  there  was  only  wind, 
which  extended  at  least  from  five  to  eight  miles  away ;  how  much 
farther  I  cannot  say.  The  section,  over  which  the  hail  fell,  was 
left  without  a  particle  of  verdure.  No  green  leaves  could  be 
found.  It  presented  a  state  of  devastation,  as  though  the  trees 
had  all  been  stripped  and  the  earth  ploughed,  and  then  pounded 
down. 

During  the  ensuing  week,  there  were  several  storms  similar  in 
their  formation,  and  all  accompanied  with  vivid  lightning,  heavy 
thunder,  hail  and  rain,  but  of  much  less  severity  than  the  one  de- 
scribed. 

After  this  peculiar  series  of  storms,  there  were  no  marked  in- 
stances of  storms  of  this  character  until  1872.  Aug.  14th,  of 
that  year,  the  town  of  Sheffield,  Vt.,  was  visited  by  a  local  storm  of 
great  severity.  From  the  oppressive  heat  and  calm  of  the  morning, 
clouds  rapidly  formed  and  hanging  stationary  overhead  the  storm 
between  nine  and  ten  a.  m.  burst  upon  the  place. 

This  storm  was  of  much  greater  extent,  covering  a  section  of 
country  five  or  six  miles  in  diameter.  These  clouds  continued  to 
send  down  their  deluge  of  rain  and  hail  for  three  hours.  Small 
brooks  were  changed  to  streams  ten  or  twelve  feet  deep.  The 
bridges  were  all  swept  away.     The  lightning  struck  several  times 
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and  several  farms  had  fields  of  acres  in  extent  washed  away,  and 
other  land  was  covered  by  the  debris  to  the  depth  of  six  or  eight 
feet. 

In  the  central  part  of  the  storm  the  wind  blew  in  gusts  from  all 
points  of  the  compass,  and  oatside  of  the  storm  the  wind  first  set 
towards  the  cloud  from  all  points ;  then  from  it,  as  before  described, 
seeming  very  cool.  During  the  afternoon,  showers  spread  about 
the  country  in  all  directions,  but  in  usual  form  and  not  of  unusual 
severity. 

Sept.  8th,  a  similar  storm  came  directly  under  my  observation 
in  the  northern  part  of  Lunenburgh.  Though  of  great  violence 
one  mile  north  of  my  place,!  was  enjoying  sunshine.  As  in  other 
cases,  it  seemed  to  form  overhead  and  remain  stationary.  The 
weather  as  before  described.  No  perceptible  wind,  but  vane  point- 
ing southwest.  At  the  first  formation  of  the  cloud,  the  wind  set 
towards  it  in  a  steady  breeze ;  then  from  it,  cool  and  gusty.  In 
the  area  of  the  storm  the  rain  and  hail  fell  in  torrents  and  the 
darkness  was  almost  like  that  of  night. 

Having  been  led,  by  former  observations,  to  know  what  I  might 
expect,  I  was  on  the  ground  almost  as  soon  as  the  rain  ceased.  I 
found,  fifty  rods  within  the  storm,  the  roads  washed  out  so  as  to  be 
impassable,  and  leaving  my  horse,  I  walked  where  water  would 
permit.  The  apples  and  most  of  the  leaves  were  knocked  off  the 
apple  trees  by  the  hail  though  the  hailstones  were  not  large. 
Grain  not  harvested  was  spoiled.  Lightning  struck  but  once 
within  the  area  of  the  storm,  though  the  fiashes  were  described  as 
incessant.  Everything  showed  a  great  waterfall,  though  it  was 
nowhere  measured ;  around  the  skirts  of  the  storm  the  wind  was 
cool  and  outward,  blowing  quite  a  gale  for  several  miles.  A  por- 
tion of  the  storm  cloud  passed  off  to  the  southwest,  showering 
moderately. 

These  of  course  are  marked  instances,  yet  many  have  noticed  a 
tendency  to  first  an  inward  and  then  an  outward  wind  in  hard 
showers,  while  those  passing  rapidly  over  the  country,  as  the 
saying  is,  pass  against  the  wind.  It  however  shifts  a  few  minutes 
before  the  rain  falls.  After  a  shower  has  passed,  it  frequently 
leaves  a  delightful  cool  breeze  blowing  from  it.  At  the  sides 
of  those  siiowers,  however,  the  wind  is  fitful  and  gusty,  seldom 
blowing  directly  to  or  from  them. 

I  respectfully  present  these  facts  for  consideration,  hoping  that 
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Others  may  observe  them  until  the  theory  of  hail  storms  and  local 
showers  of  great  severity  is  better  understood. 

I  give  no  theory  but  let  the  facts  stand  out  for  consideration  as 
to  whether  they  may  not  lead  to  a  better  understanding  of  the 
formation  of  such  storms. 


On  the  Silt  Analysis  ok  Soils  and  Clays.         By    Edg.    W. 
HiLGARD,  of  Oxford,  Mississippi. 

Among  the  objections  raised  against  the  utility  of  soil  analyses 
as  mostly  made  and  stated  heretofore,  not  the  least  serious  one  is 
that  they  do  not  indicate  with  any  reasonable  degree  of  accuracy, 
or  in  a  generally  intelligible  manner,  those  important  points  in  tlie 
physical  conditions  of  soils  which  are  practically  designated  as 
'*  lightness,"  "  heaviness,"  openness,"  etc.  Indeed,  the  very  idea 
of  what  constitutes  a  sandy  soil  or  a  clay  soil  is  exceedingly  in- 
definite ;  necessarily  so,  so  long  as  the  constituent  ideas  of  *'  clay  " 
and  '^  sand, "  respectively,  remain  so  ill-defined. 

It  makes  a  material  difference  whether  the  grains  of  sand  con- 
tained in  the  soil  or  clay  are  prevalently  half  a  millimeter  in 
diameter,  or  the  tenth  or  twentieth  part  of  that  amount.  Sand 
(or  more  properly  silt)  of  the  latter  size  is  by  no  means  impal- 
pable ;  and  yet  a  soil  containing  50  per  cent,  of  this  substance 
might  be  exceedingly  '"  heavy,  "  while  it  would  be  "  light"  if  the 
sand  grains  approached  0-5"""  diameter.  And  it  would  make  an 
equally  material  ditl'erence  whether  or  not  the  impalpable  matter 
usually  classed  as  •'  clay  "  were  really,  in  the  main,  hydrous  sili- 
cate of  alumina,  or  simply  silex,  or  other  mineral  powder. 

Equally  important  are,  of  course,  the  corresponding  dilTcrences 
in  the  properties  of  clays  intended  for  use  in  the  arts. 

In  the  prosecution  of  m}'  researches  on  the  soils  of  the  state  of 
Mississippi,  I  found  myself  confronted  by  these  difficulties  and 
by  the  necessity  of  providing  for  some  mode  of  operation,  and 
means  of  designating  the  several  physical  constituents  of  soils, 
which  should  not  onl^'  insure  more  accurate  results,  but  should 
also  render  these  capable  of  ready  comparison  all  the  world  over. 


Digitized  by  VjOOQIC 


A.     MATHEMATICS,   PHYSICS   AND   CHEMISTRY.  55 

I  need  not  recapitulate  the  often  discussed  objections  to  Nobel's 
apparatus,  with  its  four  vessels  of  ever- varying  capacity  and  slope 
of  sides,  and  variable  head  of  pressure.  Not  one  of  the  five  sedi- 
ments obtainable  by  its  use  is  ever  of  a  character  approaching 
uniforraity  ;  and,  even  in  one  and  the  same  instrument,  successive 
analyses  of  one  and  the  same  material  differ  widely  in  their  re- 
sults. 

Scliultze's  elutriating  apparatus,  as  modified  and  used  by  Fre- 
senius  in  his  investigations  of  the  clays  of  Nassau — a  tall,  conical 
champagne  glass,  with  an  adjustable  stream  of  water  descending 
tlirough  a  tube  in  the  axis  —  answers  a  better  purpose  ;  but  offers 
the  inconvenience  of  the  accumulation  of  heavy  sediments  around 
the  mouth  of  the  tube,  whereby  not  only  the  velocity  of  the  stream 
is  changed,  but  its  failure,  at  low  velocities,  to  agitate  the  whole 
mass  of  substance  under  treatment,  allows  portions  of  the  latter 
to  escape  the  elutriating  action  altogether.  And  since,  in  soil 
analysis,  special  importance  attaches  to  these  finer  sediments, 
which  are  carried  off  at  low  velocities,  this  objection  is  a  capital 
one. 

Intending  to  carr}*  out  in  a  convenient  form  the  idea  (already 
urged  by  Tiirrschmidt,  Notizblatt,  v,  180)  of  substituting  for  the 
accidental  and  indefinite  products  usually  appearing  in  the  state- 
ments of  sill-analyses,  sediments  of  known  and  definite  '*  hydraulic 
value,  "  I  adopted  in  place  of  a  variable  head  of  water,  a  constant 
one  (a  Mariotte's  bottle  arrangement,  adapted  to  ten-gallon  car- 
boys), modifiable  by  means  of  a  stopcock  with  a  long  lever  moving 
on  a  graduated  arc,  on  which  the  positions  corresponding  to  given 
velocities  in  vessels  of  known  cross-section  of  mouth  are  marked 
off  according  to  empirical  determinations. 

In  order  to  obviate  the  inconvenience  arising  from  the  accumu- 
lation of  sediment  around  the  orifice  of  the  tube  delivering  the 
current,  1  introduced  an  intermediate  conical  relay  reservoir  (R, 
fig.  2 ;  a  test  glass,  cut  short)  at  the  point  of  the  elutriator  (in- 
verted) cone.  The  smallness  of  the  lower  orifice  of  the  latter 
renders  the  current  there  sufficiently  rapid  to  prevent  any  portion 
of  the  sediment  concerned  at  a  given  velocity  from  falling  into  the 
relay ;  and  whatever  sediment  does  accumulate  there  can  at  any 
time  be  stirred  and  brought  back  into  the  elutriating  vessel,  by 
increasiiio;  the  velocity  for  a  few  seconds  of  time. 

Following  up  with  the  microscope  the  character  of  the  sediments 
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SO  obtained  with  ttie  apparatus,  fig.  2, 1  soon  found  that  they  were 
throughout  of  a  very  mixed  nature ;  and  searching  for  the  cause, 
I  found  one  in  the  abruptly  conical  termination  of  the  elutriator, 
at  C,  where  the  efflux  tube  was  at  first  attached.  For,  in  that  case, 
the  ascending  current  does  not  decrease  regularly  its  velocity  as 
the  cone  expands,  but  is  broken  up  into  a  complicated  system  of 
eddies,  whose  general  tendency  is  to  ascend  in  the  axis  of  the 
instrument,  and  descend  at  its  sides.  So  far,  therefore,  from  cor- 
responding to  the  calculated  velocity  belonging  to  the  cross  section 


Plain  Elutriator, 

wiUi  Conical  Tube  and 
Hydraulic  stirring. 


Chum  Elutriator, 

wiUi  CyUndrical  Tube  and 

notary  Stirrer. 


at  C,  the  sediment  carried  off  represents  the  variable  effects  of 
these  eddies. 

The  obvious  remedy  was  to  adapt  to  the  wide  (upper)  end  of 
the  elutriator  tube  a  cylindrical  portion,  as  shown  in  the  diagram, 
above  C.  When  the  length  of  this  cylinder  is  made  not  less  than 
riS*""',  no  perceptible  eddies  reach  the  eflSux  tube  ;  and  the  sedi- 
ments exhibited  a  pretty  satisfactory  uniformity  of  grain,  save  in  so 
far  as  the  coarser  ones  still  contained  a  good  deal  of  fine  material. 

Ilowovor,  in  subjecting  the  workings  of  the  instrument  to  the 
test  of  the  balance,  I  found  the  results  still  quite  unsatisfactory, 
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and  apparently  inconsistent,  especially  as  regards  the  finer  sedi- 
ments. 

The  cause  of  these  anomalies  became  apparent  upon  attempting 
to  work  over,  the  second  time,  a  quantity  of  sediment  originally 
obtained  at  the  velocity  of  1"™  per  second.  It  should  all,  of 
course,  again  have  passed  over  at  the  same  velocity ;  but  to  my 
surprise,  barely  one-half  of  it  did  so,  while  a  heavy  course  sedi- 
ment collected  in  the  lower  portion  of  the  elutriating  tube,  and 
even  settled  into  the  relay  reservoir  R ;  as  roughly  shown  in  fig. 
2.  On  returning  the  portion  that  had  passed  over  to  the  elutri- 
ating vessel,  the  same  phenomenon  recurred  ;  and  by  repeated 
"  cohobation  "  I  finally  succeeded  in  getting  about  four-fifths  of 
the  whole  quantity  of  sediment  settled  into  the  relay  reservoir ! 

On  examination  I  found  this  coarse  sediment  to  consist  of  floc- 
cnlent  aggregates  of  from  a  few  to  as  many  as  thirty  fine  particles 
of  siliceous  silt.  When  violently  shaken,  they  part  company  and 
become  diffused,  singly,  through  the  liquid,  which  then  presents 
simply  a  general  turbidity  ;  the  particles  then  settling  down  slowly 
and  singly,  at  the  rate  corresponding  to  their  individual  size  or 
hydraulic  value. 

The  process  of  formation  of  these  aggregates  may  be  observed 
by  means  of  a  lens,  in  all  its  stages ;  it  being  the  efi*ect  of  the 
downward  currents  alwa^'s  existing  on  the  sides  of  the  conical  ves- 
sel, as  heretofore  mentioned.  The  aggregation  progresses  slowly 
at  first;  but  when  once  five  or  six  particles  have  thus  coalesced, 
they  begin  to  descend  with  increased  rapidity,  and,  growing, 
avalanche  fashion,  as  they  roll  down,  finally  drop  through  the 
narrow  lower  orifice,  despite  the  rapid  current  existing  there,  into 
the  relay  reservoir  R. 

I  have  vainly  attempted  to  obviate  this  trouble  in  various  ways. 
Even  when  a  central  core  is  introduced  in  the  axis  of  the  conical 
tube,  so  as  to  force  up  the  current  close  to  the  sides,  return  cur- 
rents will  form,  and  with  them  these  miniature  avalanches. 

It  is  obvious  that  this  circumstance  comjiletely  vitiates  all  deter' 
minations  heretofore  made  in  conical  vessels;  whether  those  of 
Nobel's  apparatus,  or  those  of  Schultze  and  Fresenius ;  or  even 
the  later  ones  of  Miiller,  and  of  Schone,i  j^  all  of  which  the 
agitation  produced  by  the  current  is  alone  employed  for  stirring. 

1 1  reject  having  been  imnMe  to  obtain,  for  reference,  the  original  papers  of  the  last 
two  authors;  the  most  tborougli,  probably,  heretofore  publisheU  on  this  subject. 
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The  tendency  to  coalescence  diminishes,  of  course,  as  the  size 
of  the  grains  increases ;  but  does  not  altogether  cease  until  their 
diameter  exceeds  0'2"",  or  about  16""  iiydraulic  value.  For  the 
elutriation  of  coarser  sediments,  hydraulic  stirring  may  be  suc- 
cessfully employed.  For  finer  sediments,  however,  the  use  of 
cylindrical  vessels,  and  of  rapid  agitation  by  otUside  power^  seems 
indispensable. 

Fig.  1  of  the  diagram  shows,  on  a  somewhat  enlarged  scale,  the 
instrument  I  have  devised,  with  this  end  in  view.  The  cylindrical 
elutriating  tube  T,  of  34-8'""  inside  diameter  at  its  mouth,  and 
29Qmm  high,  has  attached  to  its  base  a  rotary  churn  P,  consisting 
of  a  porcelain  beaker  tripl}'  perforated,  viz. :  at  the  bottom,  for 
connection  with  the  relay  reservoir  R ;  and  at  the  sides,  for  the 
passage  of  a  horizontal  axis  A,  bearing  four  grated  wings.  This 
axis,  of  course,  passes  through  stuffing  boxes,  firmly  cemented  to 
the  roughened  outside  of  the  beaker  and  provided  with  good 
thick  leather  washers,  saturated  with  tallow.  These  washers,  if 
the  axis  run  true,  will  bear  a  million  or  more  of  revolutions  with- 
out material  Icaktige.  From  five  to  six  hundred  revolutions  per 
minute  is  a  proper  velocity,  which  may  be  imparted  by  clock-work, 
or  a  turbine. 

As  the  whirling  agitation  caused  by  the  rotation  of  the  dasher 
would  gradually  communicate  itself  to  the  whole  column  of  water, 
and  cause  irregularities,  a  (preferably  concave)  wire  screen  of 
Q.gimn  aperture  is  cemented  to  the  lower  end  of  the  cylinder.  No 
irregular  currents  are  then  observed  beyond  about  To"*"  above  the 
screen,  whose  meshes  are  yet  sufficiently  wide  to  allow  any  heavy 
particles  or  aggregates  to  sink  down  freely.  Any  grains  too 
coarse  to  pass  must,  however,  be  previously  sifted  out. 

Thus  arranged,  the  instrument  works  quite  satisfactorily ;  and 
by  its  aid,  soils  and  clays  may  rea  lily  be  separated  into  sediments 
of  any  hydraulic  value  desired.  But  in  order  to  insure  correct 
and  concordant'-^  results,  it  is  necessary  to  observe  some  precau- 
tions, to  wit : 

1.  The  tube  of  the  instrument  must  be  as  nearly  cylindrical  as 
possible,  and  must  be  placed  and  maintained  in  a  truly  vertical 
position.  A  very  slight  deviation  from  the  vertical  at  once  causes 
the  formation  of  return  currents,  and  hence  of  molecular  aggre- 
gates, on  the  lower  side. 

3  Uaiially  within  3  per  cent,  of  the  quantitii'S  luunil. 
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2.  Sunshine,  or  the  proximity  of  any  other  source  of  heat,  must 
be  carefully  excUided.  The  currents  formed  when  the  instrument 
is  exposed  to  sunshine  will  completely  vitiate  the  results. 

3.  The  Mariotte's  bottle  should  be  frequently  cleansed,  and 
the  water  used  be  as  free  from  foreign  matters  as  possible.  For 
ordinary  purposes,  it  is  scarcely  necessary  to  use  distilled  water ; 
the  quantities  used  are  so  large  as  to  render  it  difficult  to  maintain 
an  adequate  supply  ;  and  the  eiTors  resulting  from  the  use  of  any 
water  fit  for  drinking  purposes  are  too  slight  to  be  perceptible,  so 
long  as  no  considerable  development  of  the  animal  and  vegetable 
germs  is  allowed.  Water  containing  the  .  slimy  fibrils  of  fungoid 
and  moss  prothallia,  vorticellce,  etc.,  will  not  only  cause  errors  by 
obstructing  the  stopcock  at  low  velocities ;  but  these  organisms 
will  cause  a  coalescence  of  sediments  that  defies  any  ordinary 
churning,  and  completely  vitiates  the  operation. 

4.  The  amount  of  sediment  discharged  at  any  one  time  must 
not  exceed  that  producing  a  moderate  turbidity.  Whenever  the 
discharge  becomes  so  copious  as  to  render  the  moving  column 
opaque,  the  sediments  assume  a  mixed  character ;  coarse  grains 
being,  apparently,  upborne  by  the  multitude  of  light  ones  whose 
hydraulic  value  lies  considerably  below  the  velocity  used ;  while 
the  churner  also  fails  to  resolve  the  molecular  aggregates  which 
must  be  perpetually  re-forming,  where  contact  is  so  close  and  fre- 
quent. 

This  difficulty  is  especially  apt  to  occur  when  too  large  a  quan- 
tity of  material  has  been  used  for  analysis,  or  when  one  sediment 
constitutes  an  unusually  large  portion  of  it.  In  either  case,  a 
portion  of  the  substance  may  be  allowed  to  settle  into  the  relay 
reservoir,  until  the  part  afloat  in  the  churn  and  tube  is  partly  ex- 
hausted ;  after  which,  the  rest  can  be  gradually  brought  up  and 
worked  off.  Or,  the  sediments  shown  by  the  microscope  to  be 
much  mixed,  may  be  worked  over  a  second  time.  Either  mode, 
however,  involves  so  grievous  a  loss  of  time,  as  to  render  it  by  far 
preferable  to  so  regulate  the  amount  employed,  that  even  the  most 
copious  sediments  can  be  worked  off  at  once.  Within  certain 
limits,  the  smaller  the  quantity  employed,  the  more  concordant 
are  the  results.  Between  ten  and  fifteen  grams  is  the  proper 
amount  for  an  instrument  of  the  dimensions  given  above. 

I  have  found  that,  practically,  0.25'""*  per  second  is  about  the 
lowest   velocity  available  within  reasonable  limits  of  time ;  and 
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that  by  successively  doubling  the  velocities,  up  to  64"",  a  desirable 
ascending  series  of  sediments  is  obtained  ;  provided  always,  that 
a  proper  previous  preparation  liad  been  given  to  the  soil  or  clay. 

Preliminary  preparation. — As  regards  this  point,  which  is  of 
capital  importance,  I  premise  that  1  find  the  usual  precept  of  boil- 
ing from  thirty  to  sixty  minutes,  almost  absurdly  inadequate  to 
perform  that  loosening  of  the  adherence  of  particles,  which  is  the 
fundamental  condition  of  success  in  any  process  of  mechanical 
separation.  In  no  case  have  I  found  less  than  six  hours'  incessant 
and  lively  boiling  even  approximately  sufficient;  and,  even  with 
double  that  time,  so  much  of  the  disintegration  is  often  left  to 
be  done  by  the  churner  of  the  instrument,  as  to  protract  indefi- 
nitely the  exhaustion  ef  the  finer  sediments,  which  are  then  con- 
tinually being  set  free  from  the  coarser  portions.  Thus,  in  average 
cases  the  sediment  of  0*25""  h.  v.  may  be  '*  run  off*  in  the  course 
of  thirty  to  thirty-five  hours.  But  in  one  case,  after  twelve  hours' 
boiling,  the  0-25  sediment  gave  no  sign  of  disappearance  after 
thirty-six  hours,  and  continued  to  come  oflf  for  fifty-four  hours 
more,  with  the  coarser  sediments. 

It  is  therefore  a  material  saving  of  time,  and  essentially  promo- 
tive of  accuracy,  to  eflTect  the  mechanical  disintegration  in  the 
most  thorough  manner,  beforehand.  This  can  rarely  be  done 
without  long  protracted  boiling,  and  the  subsequent  use  of  me- 
chanical means  (kneading)  on  the  finest  sediments.  But  I  cannot 
see  the  propriety  of  using  chemical  solvents  for  disintegration, 
unless  the  investigation  is  to  extend  beyond  the  physical  prop- 
erties of  the  substance  treated.  The  miniature  Loess  puppets, 
consisting  of  sand-grains  cemented  by  carbonate  of  lime ;  the 
grains  of  bog  ore,  or  aiumino-siliceous  aggregates  found  in  some 
soils,  fulfil,  physically,  the  same  office  as  solid  sand-grains  of  cor- 
responding size ;  and  should  appear  as  such  in  the  analytical 
statement. 

The  presence  of  clay  in  the  instrument  would  materially  inter- 
fere with  the  proper  separation  of  sediments.  In  consequence  of 
its  property  of  indefinitely  fine  diffusion  in  water,  clay — i.  e.,  the 
hydrous  silicate  of  alumina  —  produces  the  same  efiect  as  would 
the  dissolution  of  a  salt,  viz. :  increases  the  buoyant  effect,  and 
therefore  the  hydraulic  efficacy  of  water,  to  such  an  extent  as  to 
enable  it  to  carry  off,  e.  g,^  sediment  pertaining  to  the  velocity  of 
jmni  jjj  p^^j.^j  water,  when  the  actual  velocity  is  but  0-25™'". 
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In  view  of  these  facts,  I  have  adopted  the  following  course  of 
preliminary  treatment : 

1.    Boiling  briskly,  for  twenty-four  to  thirty  hours,  fifteen  to 
twenty  grams  of  weighed  '*  fine  earth." 

This  is  best  done  in  a  thin,  long-necked  fiask  of  about  one  litre 
capacity,   filled  four-firths  full  of  distilled  water,  and  laid  on  a 
stand   at  an  angle  of  40°-45°,    It  is  provided  with  a  cork  and  con- 
densing tube  of  sufficient  length  (five  to  six  feet)  to  condense  all 
or  most  of  the  steam  formed  when  lively  ebullition  is  kept  up  by 
means  of  a  gas  flame.     For  the  first  few  hours,  the  boiling  gener- 
ally proceeds  quietly  ;  but  as  the  disintegration  progresses,  violent 
bumping  sets  in,  which  sometimes  endangers  the  fiask,  but  is  of 
material  assistance  for  the  attainment  of  the  object  in  view.     In 
extreme  cases,  some  of    the  heavier    sediment  (generally  clean 
sand)  may  be  removed  from  the  fiask  ;  but  this  is  undesirable.     It 
is  frequently  the  case  that  when  the  boiled  contents  are  left   to 
settle,  the  liquid  appears  perfectly  clear  within  an  hour ;  although 
so  soon  as  they  are  largely  diluted,  the  clay  becomes  difl'used  as 
usual,  and  will  not  settle  in  weeks.     Probably  this  is  owing  to  the 
extraction  from  the  soil  of  soluble  salts,  which  exert  the  same 
infiuence  as  does  lime  or  common  salt,  even  in  very  dilute  solutions. 
2.  The  boiled  fiuid  and  sediment  is  transferred  to  a  beaker,  and 
diluted  so  as  to  form  from  one  to  one  and  one-half  litres  in  bulk  ; 
and  being  stirred  up,  is  allowed  to  settle  for  such  a  length  of  time 
as  (taking  into  account  the  height  of  the  column)  will  allow  all 
sediment  of  0*25'"'"  hydraulic  value  to  subside  ;  the  process  being 
repeated  with  smaller  quantities  of  fresh  water,  until  no  sensible 
turbidity  remains  after  allowing  due  time  for  subsidence. 

It  must  be  remembered  that  this  time  is  considerably  longer 
tlian  that  for  pure  water,  so  long  as  any  considerable  amount  of 
clay  remains  in  the  liquid,  rendering  it  specifically  heavier.  And 
as  the  precise  amount  of  allowance  to  be  made  cannot  in  general 
be  foreseen,  some  sediment  of,  and  exceeding,  0*25"""  h.  v.  will 
almost  inevitably  be  decanted  with  the  successive  clay  waters, 
until  the  buoyant  effect  of  the  clay  becomes  insensible.  The 
united  clay  waters  (of'WJuch  there  will  be  from  four  to  eight  litres) 
must  therefore  be  again  stirred  up,  and  the  proper  time  allowed 
for  the  sediments  of  0*25""",  and  over,  to  subside.  The  dilution 
being  very  great,  a  pretty  accurate  separation  is  thus  accom- 
plished ;  the  sediments  being  then  ready  for  the  elutriator. 


Digitized  by  VjOOQIC 


62  A.      MATHEMATICS,  PHYSICS   AND  CHEMISTRY. 

Treatment  of  the  "  Clay  Water" —  I  have  based  on  the  well- 
known  property  of  clay,  of  remaining  suspended  in  pure  water  for 
weeks  and  even  jnonths,  an  obvious  metliod  of  separation  from  at 
least  the  greater  portions  of  silts  finer  than  0*25'""'  h3'draulic  value 
(0-25). 

Tiie  clay  water  is  placed  for  subsidence  in  a  cylindrical  vessel 
(in  which  it  may  conveniently  occupy  200'"™  in  height),  and  is 
there  allowed  to  settle  for  at  least  twenty-four  hours.  This  inter- 
val of  time  was  at  first  chosen  arbitrarily ;  but  I  subsequently 
found  it  to  be  about  the  average  time  required  by  the  finest  sili- 
ceous silt  usually  present  in  soils,  to  sink  through  200"""  of  pure 
water.  So  long  as  any  sensible  amount  of  clay  is  present,  the 
time  of  course  is  longer,  say  from  forty  to  sixty  hours,  or  even 
more,  if  the  clay  be  abundant  and  the  liquid  not  very  dilute.  The 
sharp  line  of  separation  between  tlie  dark  silt-cloud  below  and  the 
translucent  clay  water  above  is  readily  observed,  and  the  time  of 
subsidence  regulated  accordingly.  At  times,  several  such  lines  of 
division  may  be  seen  simultanoously  in  the  column,  indicating  silt 
of  successive  sizes,  with  a  break  between.  No  such  appearance 
is  presented  when,  after  weeks  of  quiet,  the  clay  itself  gradually 
settles.  The  liquid,  which  may  be  almost  clear  at  the  surface, 
then  shades  off  downward  very  gradually,  until,  near  the  bottom 
of  the  vessel,  it  becomes  entirely  opaque. 

After  decantation  of  the  clay  water,  the  remaining  liquid  is 
poured  otf  temporarily,  leaving  the  sediment  as  dry  as  possible. 
It  is  then  rubbed  or  kneaded  in  the  decanting  vessel  itself,  with 
long  handled  rubber  pestle  (conveniently  cut  out  of  a  car  spring). 

Water  is  again  poured  on  (agitating  as  much  as  possible,  to 
break  up  the  molecular  aggregates)  to  the  proper  height,  and 
another  twenty-four  hours  subsidence  allowed.  This  operation  is 
repeated  (six  to  nine  times), until  either  the  water  remains  almost 
clear  after  the  last  subsidence,  or  the  decanted  turbid  water  fails 
to  be  precipitated  by  salt  water. 

It  thus  seems  possible,  by  a  large  number  of  successive  decan- 
tations,  to  separate  pretty  sharply  the  clay  proper  from  the  fine 
silts.  But  the  amount  of  time  and  care  required  in  the  process  of 
complete  separation  is  so  great,  and  the  difference  of  percentage 
resulting  from  a  neglect  of  the  subsidence  beyond  twenty-four 
hours  is  in  most  cases  so  slight,  that  in  the  analysis  made  thus 
lar,  I  have  throughout  adhered  to  the  twenty- fours  hours  interval ; 
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the  "clay"  thus  obtained  being,  of  course,  more  or  less  contarai- 
nated  with  some  of  the  finest  silt ;  whicli  is  precipitated  with  it  by 
salt,  provided  the  relative  amount  of  clay  is  not  too  small.  Other- 
wise a  slight  turbidity  may  remain  for  several  days  in  the  decanted 
liquid,  which  cannot  then  be  cleared  by  the  further  addition  of 
salt. 

5Qecin  Qf  Q^  saturated  brine  (i.  c,  1*5  percent,  of  salt)  is  ordina- 
rily sufficient  to  precipitate  one  litre  of  clay  water;  the  precipita- 
tion is  much  favored  by  warming.  Half  the  quantity  or  even  less, 
will  do  the  same,  but  more  time  is  required,  and  the  precipitate  is 
more  voluminous. 

As  it  cannot  ordinarily  be  washed  with  pure  water,  it  must  be 
collected  on  a  weighed  fdter,  washed  with  weak  brine,  dried  at 
100"^  and  weighed.  It  is  then  again  placed  in  a  funnel  and  washed 
with  a  weak  solution  of  sal  ammoniac,  until  all  the  chloride  of  _ 
sodium  is  removed.  The  filtrate  is  evaporated,  the  residue  ignited 
and  weighed  :  its  weight,  plus  that  of  the  filter,  deducted  from  the 
total  weight,  gives  that  of  the  clay  itself. 

In  some  cases,  especially  of  clays  and  subsoils  deeply  tinged 
with  iron,  the  clay,  after  drying  at  100°,  will  not  readily  diffuse  in 
water,  and  can  be  washed  with  pure  water  until  free  from  salt ;  it 
can  then  of  course  be  weighed  directly. 

Properties  of  Pare  Clay, — The  *'clay"  so  obtained  is  quite  a 
different  substance  from  what  usually  comes  under  our  observation 
as  such  ;  since  its  percentage  seems  rarely  to  reach  75  in  the  purest 
natural  clays,  40  to  47  in  the  heaviest  of  clay  soils,  and  10  to  20 
in  ordinary  loams.  Thin  crusts  of  it  are  occasionally  found  in 
river  bottoms,  where  clay  water  has,  after  an  overthrow,  gradually 
evaporated  in  undisturbed  pools.  When  freshly  precipitated  by 
salt  it  is  gelatinous,  resembling  a  mixed  precipitate  of  ferric  oxid 
alumina.  On  drying,  it  contracts  almost  as  extravagantly  as 
the  latter  crimping  up  the  filter,  to  which  it  tenaciously  clings  ; 
and  from  which  it  can  be  separated  only  by  moistening  on  the  out- 
side, when  it  may  mostly,  with  care  be  peeled  off. 

After  drying,  it  constitutes  a  hard,  often  horny  mass,  difficult 
to  break,  and  at  times  somewhat  resonant.  Since  the  ferric  oxid 
with  which  the  soil  or  clay  may  have  been  colored  is  mainly  ac- 
cumulated in  this  portion,  it  usually  possesses  a  correspondingly 
dark  brown  or  chocolate  tint.  When  a  large  amount  of  iron  is 
present,  water  acts  rather  slowly  on  the  dried  mass,  which  grad- 
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ually  swells,  like  glue,  the  fragments  retaining  their  shape.  Not 
so  when  the  substance  is  comparatively  free  from  iron.  It  then 
swells  up  instantly  on  contact  with  water ;  even  the  horny  scales 
adhering  to  the  upper  portion  of  the  filter  quickly  lose  their  shape, 
bulge  like  a  piece  of  lime  in  process  of  slaking,  and  tumble  down 
into  the  middle  of  the  filter. 

There  is  a  marked  difference,  however,  in  the  behavior  with 
water  of  clays  equally  free  from  ferric  oxid  ;  some  exhibiting  the 
phenomena  just  described  in  a.much  more  energetic  manner  than 
others.  On  the  whole,  those  freest  from  iron  appear  to  imbibe 
the  water  and  crumble  most  readily.  Inasmuch  as  this  property 
possesses  highly  important  bearings,  both  on  the  agricultural  and 
ceramic  qualities  of  clays  I  propose  to  investigate  it  more  minutely 
hereafter. 

The  pure  clay,  when  dry,  adheres  to  the  tongue  so  tenaciously 
as  to  render  its  separation  painful.  When  moistened  and  worked 
into  the  plastic  condition.  It  is  exceedingly  tenacious  and  "sticky," 
adhering  to  everything  it  touches. 

Under  a  magnifying  power  of  350  diameters,  no  definite  parti- 
cles can  be  discovered  in  the  opalescent  clay  water  remaining  after 
several  weeks*  subsidence.  The  precipitate  formed  by  saline  solu- 
tions then  appears  as  an  indefinite  cloud  (mostly  of  a  yellowish 
tint),  for  which  one  vainly  seeks  a  better  focus.  In  stronger  clay 
water  one  can  discern  a  great  number  of  indefinite  punctiforra 
bodies,  very  uniformly  diffused  throughout  the  liquid,  and  appar- 
ently opaque  ;  the  precipitate  then  formed  by  brine  also  shows  a 
faintly  dotted  structure  of  its  clouds. 

Doubtless  the  fine  silt  obtained  in  the  twent^^-four  hours'  subsi- 
dence, the  diameter  of  whose  quartz  particles  varies  from  0*001  to 
002  of  a  millimeter,  is  not  entirely  free  from  adherent  clay ;  as  is 
indicated  by  its  deeper  tint,  compared  with  that  of  the  coarser 
sediments.  The  extent  to  which  this  contamination  exists,  the 
possible  means  of  further  separation,  and  the  distribution  of  the 
important  soil  ingredients  among  the  several  sediments,  I  reserve 
for  future  discussion. 

Separation  of  the  Coarser  Sediments, — The  mixed  sediments 
remaining  after  the  separation  of  the  claN^  and  silts  of  less  than 
0'25'""'  hydraulic  value  (<^0'25),  by  decantation,  are  transferred  to 
the  clutriator,  after  separating  by  means  of  a  sieve,  such  as,  being 
more  than   0-8"""  diameter,  would  fail  to   pass  through  the  wire 
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screen,  and  thus  interfere  with  the  operation.  The  water  should 
previously  have  been  let  on,  so  far  as  to  stand  above  the  screen  ; 
otherwise  some  sediment  may  be  forced  back  into  the  rubber  con- 
necting tube. 

The  Fine  Sediments,  The  operation  is  best  begun  by  running 
up  the  column  rapidly  nearly  to  the  cork,  allowing  a  few  seconds* 
subsidence,  and  then  setting  the  index  to  the  proper  velocity,  of 
().25inm  pgj.  gecond  at  the  beginning.  At  first  the  sediment  passes 
oflT  rapidly,  and  the  column  remains  obviously  and  evenly  turbid, 
from  the  point  where  the  agitation  caused  by  the  churner  ceases, 
to  the  top.  But  this  obvious  turbidity  generally  exhausts  itself 
in  the  course  of  a  few  hours,  and  it  then  requires  some  attention 
to  determine  the  progress  of  the  operation.  I  have  never  known 
the  0-25™"  sediment  to  become  exhausted  in  less  than  fifteen  hours, 
and  in  one  case  it  has  required  ninety.  The  more  rigorously  the 
process  of  preliminary  disintegration  above  described  has  been 
can-ied  out,  the  shorter  the  time  required  for  running  ofi*  the  fine 
sediments,  which  otherwise  tax  the  operator's  patience  severely. 
In  matter  of  fact,  they  never  do  give  out  entirely  ;  doubtless  for 
the  reason  that  the  stirrer  continues  to  disintegrate  compound 
particles  which  had  resisted  the  boiling  process.  Besides,  down- 
ward currents  on  the  sides  of  the  vessel  will  form,  despite  all 
precautions ;  so  that  the  interior  surface  of  the  cylinder  becomes 
coated  with  pendent  flakes  of  coalesced  sediment.  These  must 
from  time  to  time  be  removed  by  means  of  a  feather,  so  as  to  bring 
them  again  under  the  influence  of  the  stirrer ;  but  it  is,  of  course, 
almost  mathematically  impossible  that,  under  these  circumstances, 
any  of  the  sediments  subject  to  coalescence  should  ever  become 
completely  exhausted.  Practically,  the  degree  of  accuracy,  at- 
tainable at  best,  renders  it  unnecessary  to  continue  the  operation 
beyond  the  point  when  only  a  fraction  of  a  milligram  of  sedi- 
ment comes  over  with  each  litre  of  water.  It  is  admissible,  and 
even  desirable,  to  run  off  rapidly  the  upper  third  of  the  column 
at  intervals  of  fifteen  to  twenty  minutes  ;  whereby  not  only  time 
is  gained,  but  also  the  sediment  in  the  reservoir  is  stirred  and 
brought  under  the  infiuence  of  the  churner,  for  more  complete  dis- 
integration. 

It  is  noticeable  that  recent  sediments  —  river  alluvium,  etc. — are 
much  more  easily  worked  than  more  ancient  ones ;  as  might  be 
expected. 
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Up  tx)  4""  hydraulic  value,  the  use  of  the  rotary  stirrer  is  indis- 
pensable, on  account  of  the  tendency  to  the  formation  of  compound 
particles.  Beyond,  this  tendency  measurably  disappears,  so  that 
for  the 

Coarse  sediments  of  8  to  64"",  hydraulic  stirring  may  be 
employed,  and  an  elutriating  tube  of  smaller  diameter  may  ad- 
vantageously be  substituted,  in  order  to  diminish  the  otherwise 
somewhat  extravagant  expenditure  of  water.  The  entire  amount 
required  for  one  analysis  is  from  25  to  30  gallons ;  provided  a 
thorough  previous  disintegration  has  been  secured.  The  average 
times  required  are  as  follows : 

Sedimient 0-25""  30  to  40^ 

"  0-6""  15  to  25** 

"  ..'...  10""  5  to  10^ 

"  2  to  64""  6  to  lO'^ 

Total,  66  to  85"* 

With  proper  arrangements,  much  of  this  can  be  done  automat- 
ically, at  night ;  completing  an  analysis  (except  the  clay  and  finest 
bilt  determinations)  in  the  course  of  three  or  four  days. 

As  the  soils  are  most  conveniently  weighed  "  dried  at  100°,"3 
I  have  always  weighed  the  sedimentsin  the  same  condition.  Great 
care  is  necessary  to  obtain  the  correct  weight  of  the  (extremely 
hygroscopic)  clay ;  the  same  is  true,  more  or  less,  of  the  <^0'25 
sediment,  which,  moreover,  is  so  diffusible  in  water  that  it  cannot 
readily  be  collected  on  a  filter.  I  find  it  best,  after  letting  it  sub- 
side into  as  small  a  compass  as  possible,  to  evaporate  the  last 
25-50*^'"  in  the  platinum  dish  in  which  it  is  to  be  weighed. 

From  the  other  sediments,  the  water  may  be  decanted  so  closely 
as  to  render  their  determination  easy. 

The  loss  in  the  analysis  of  clays  and  subsoils,  containing  but 
little  organic  or  other  soluble  matter,  is  usually  from  1*5  to  20 
per  cent,  resulting  partially,  no  doubt,  from  the  loss  of  the  fine 
silt  which  comes  oflT  more  or  less  throughout  the  process,  and 
is  decanted  with  the  voluminous  liquid.  When  the  turbidity  is 
marked,  it  indicates  imperfect  preliminary  disintegration  ;  it  may 
be  removed,  and  the  silt  collected,  by  adding  a  weighed  quantity, 

*  A  somewhat  clnyej  soil  will  continue  to  lose  weight  at  100°,  for  5-6  days.  But 
after  the  first  six  hours  the  lobs  becomes  in&igniflcant  for  the  purpobe  in  questiou. 
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of  alam  (about  25  milligrams  per  litre  is  sufficient)  precipitating 
with  carbonate  of  ammonia,  and  deducting  from  the  weight  of  the 
(flocculent)  precipitate  the  calculated  amount  of  alumina. 

The  analysis  of  soils  rich  in  vegetable  matter  involves  some 
modifications  in  the  preliminary  treatment  and  final  weighings, 
which  I  shall  not  now  discuss.  Ignition  of  the  soil  previous  to 
elotriation,  as  proposed  by  some,  is  obviously  admissible,  as  it 
would  render  impossible  the  separation  of  the  clay  from  the  finer 
sediments. 

As  I  have  heretofore  stated,'*  I  consider  that,  ordinarily,  the 
investigation  of  the  subsoils  is  better  calculated  to  furnish  reliable 
indications  of  the  agricultural  peculiarities  of  extended  regions, 
than  that  of  the  surface  soils,  which  are  much  more  liable  to  local 
''freaks  and  accidents,"  and  usually  differ  from  the  corresponding 
subsoils  in  about  the  same  general  points.  For  practical  purposes, 
therefore,  the  difficulties  incident  to  the  treatment  of  soils  rich  in 
humus  may  in  most  cases  be  avoided. 

CJiaracter  of  the  Sediments. — As  regards  the  size  of  the  particles 
constituting  the  successive  sediments,  the  most  convenient,  because 
almost  universally  present,  material  for  reference  is  quartz  sand. 
I  give  below  a  table  of  measurements,  concerning  which  I  remark 
that  the  values  given  refer  to  the  largest  and  most  nearly  round 
quartz  grains  to  be  found  in  each  sediment,  and  to  scale  divisions 
of  yi^  millimeter  each. 

As  a  matter  of  course,  all  sizes  between  that  given  and  the  one 
next  below,  are  to  be  found  in  each  sediment.  A  few  grains  of  the 
finer  sediments  are  also  invariably  present,  owing  both  to  the  pro- 
gressive disintegration  of  conglomerated  particles  by  the  stirrer, 
and  to  the  inevitable  formation  of  the  avalanche-like  aggregates  of 
the  finer  sediments. 

While  the  measurement  of  the  quartz  grains,  which  are  rarely 
wanting  in  a  soil  or  clay,  affords  sufficient  landmarks  to  the  scien- 
tific observer,  it  seems  desirable  to  attach  to  them,  besides,  gener- 
ally intelligible  designations,  which  shall  approximately,  at  least, 
indicate  the  nature  of  the  sediment.  This  I  have  attempted  in  the 
table,  which  is  in  this  respect,  of  course,  open  to  criticism ;  since 
it  is  not  easy  to  indicate  in  popular  language,  distinctions  not  pop- 
ularly made. 

«Am.  Jour.  Scl.,  Dec,  1872;  Proc.  Am.  Assoc.  Ady.  Scl.,  187*2,  p.  71. 
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No. 
1. 

2. 

Designation  of 
materials. 

Coarse  Grits, 
Fine          " 

8. 

Coarse  Sand,     . 

4. 

Medium    " 

5. 

Fine          " 

6. 

Finest      " 

7. 
8. 
9. 

Dust         " 
Coarsest  Silt, 
Coarse         " 

10. 

Medium      '^ 

11. 

Fine            "      . 

12. 

Finest        "      . 

13. 

Clay           "      . 

. 

Table  of  Diameters  and  Hydraulic  Values  of  Sediments. 

Diameter  of      Velocity  per  eec,  or 
quartz  grains.       bydranlic  Talue. 
.      1^3      mm  7 

.  0.5—1        "  ? 

80—90  (yi^)    "  64  "^« 

50—55       "  32    " 

25—30       "  16    " 

20—22       "  8    ^' 

12—14       '*  4    " 

8 — 9         "  2    " 

6—7         '«  1      " 

4_5  4t  0.5    '' 

2-5- 3-0      "  0.25  " 

0-1— 20       "         <0-25" 
?  <00023  " 

I  remark  that  the  absolute  diameter  of  the  elutriator  tube  exerts 
a  sensible  influence  on  the  character  of  the  sediments,  in  conse- 
quence of  the  comparatively  greater  friction  against  the  sides  in  a 
tube  of  small  diameter.  Strictly  speaking,  none  of  the  sediments 
actually  correspond  to  the  velocity  calculated  from  the  cross  sec- 
tion of  the  tube  and  the  water  delivered  in  a  given  time,  but  to 
higher  ones,  whose  maximum  is  in  the  axis  of  the  tube,  and  which 
gradually  decrease  toward  the  sides,  according  to  a  law  which  may 
be  demonstrated  to  the  eye  by  slightly  diminishing  the  velocity 
while  a  sediment  is  being  copiously  discharged,  so  that  the  turbid 
column  remains  stationary,  while  clear  water  is  running  off.  The 
surface  then  assumes  a  paraboloid  form,  which  is  sensibly  more 
convex  in  a  tube  of  small  diameter  than  in  a  wide  one  ;  the  results 
obtained  in  the  latter  being,  of  course,  nearest  the  truth. 

Still,  the  accompanying  samples  of  sediments  from  Mississippi 
soils  and  subsoils  show  at  once,  even  to  the  naked  eye,  that  the 
assorting  process  has  been  quite  successful,  and  that  the  prominent 
characteristics  of  soils  in  these  respects  may  thus  be  determined 
and  exhibited  to  the  eye,  with  a  very  satisfactory  degree  of  ac- 
curacy. 

I  reserve  for  future  communications  the  detailed  discussion  of 
the  services  which  tliis  method  of  analysis  is  capable  of  rendering 
to  the  theory  and  practice  of  both  agriculture  and  the  ceramic  art. 
But  I  feel  confident  that  the  comparative  neglect  of  the  subject  of 
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soil  analysis,  during  the  past  decenninm,  was  the  result  of  hasty 
judgment,  and  that,  by  properly  combining  the  examination  of  the 
physical  and  chemical  properties  of  soils  and  clays,  we  shall  be 
able  to  fulfil,  in  a  great  measure,  the  high  expectations  entertained 
in  the  early  days  of  agricultural  chemistry. 

The  important  bearing  of  the  phenomena  of  ''  molecular  coa- 
lescence" upon  the  formation  of  natural  sediments,  is  too  obvious 
to  require  discussion.  It  explains  at  once  why  we  so  rarely  find 
a  deposit  composed  of  particles  of  uniform  hydraulic  value,  how- 
ever favorable  to  such  a  result  may  have  been,  apparently,  the 
circumstances  attending  its  formation.  And  it  warns  us  to  be 
careful  in  our  estimate  of  the  nature  and  velocity  of  depositing 
currents,  as  deduced  from  the  character  of  the  sediments. 

In  previous  papers  on  the  Quaternary  formations  of  the  lower 
Mississippi  Valley,  I  have  called  attention  to  the  somewhat  singu- 
lar composition  of  the  material  characterizing  the  Bluff  or  Loess 
group,  which  fails  to  show  any  marks  of  assorting  or  stratification 
of  materials,  even  in  profiles  of  seventy  feet ;  although  it  consists 
of  all  grades  of  silt  and  sarid  from  yj^^o™™  upward.  The  uniform 
intermingling  of  these  ingredients  ceases  to  be  surprising,  when  we 
consider  that,  under  the  influence  of  the  slow  eddying  motion  of 
shallow  and  uniformly  slow-flowing  water,  the  finest  particles  may 
assume  the  hydraulic  value  of  very  coarse  ones,  and  be  deposited 
with  them.  We  thus,  a  posteriorly  arrive  at  the  same  conclusion 
concerning  the  circumstances  under  which  this  deposit  was  formed, 
as  had  been  previously  deduced  from  geological  data  alone. 

As  might  be  expected,  the  temf)erature  of  water  exerts  a  strong 
influence  on  the  coalescence  of  particles.  It  is  sensibly  less  in 
hot  water,  so  long  as  the  water  is  either  strongly  agitated,  or  per- 
fectly quiescent.  But  the  circulating  motion  set  up  in  hot  water 
exposed  to  cooling  influences  very  soon  effects  coalescence,  and 
consequent  clearing  of  a  turbid  fluid.  The  habitual  stirring-up  of 
precipitates  by  chemists,  to  favor  subsidence,  need  but  be  men- 
tioned in  this  connection  ;  as  also  the  fact  that  troublesome  pow- 
dery precipitates,  such  as  oxalate  of  lime  or  molybdo-phosphate 
of  ammonia,  become  flocculent  when  allowed  to  deposit  on  a  slop- 
ing surface. 

The  presence  of  dissolved  mineral  matter  greatly  favors  the 
coalescence  of  particles,  and  especially  the  precipitation  of  clay. 
Foremost  among  the  active  substances  are  lime  and  common  salt ; 
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the  action  of  the  latter  being  exemplified  on  the  large  scale,  at 
the  mouths  of  rivers,  where  the  fine  mud,  whose  molecular  proper- 
ties with  pure  water  would  have  kept  it  in  suspension  for  many 
days,  is  suddenly  thrown  down  in  the  shape  of  mud  shoals,  in 
consequence  of  the  admixture  of  sea  water.  ^ 

The  "  settling  "  effect  of  alum,  however,  appears  to  be  mainly 
due  to  the  precipitation  of  alumina  by  the  carbonates  of  lime  and 
magnesia,  present  in  almost  all  sediments. 

The  remarkable  action  of  lime^  in  preventing  dififusion  and  di- 
minishing the  plasticity  of  clay,  will  form  the  subject  of  a  future 
communication. 

Note. — The  subjoined  comparative  analysis  of  one  and  the 
same  material,  after  boiling  6**  and  30**,  respectively,  exhibit  the 
effect  of  thorough  preliminary  preparation,  and  the  gross  errors 
which  may  result  from  its  neglect.  It  will  be  seen  that  while 
agreeing  as  closely  as  could  be  expected  as  regards  the  coarse 
materials,  the  differences  in  the  percentages  of  the  fine  ones  are  so 
great  as  to  render  the  first  one  absolutely  nugatory,  and  calculated 
to  lead  to  an  utterly  false  estimate  of  the  soiPs  qualities. 

No.  173.    Under-subsoil    of  Cretaceous    prairie,  Monroe  Co., 
Miss.  (See  Miss.  Rep.,  18C0,  p.  262). 

Time  of  boiling  .       .       .       .       6h.  80h. 

>  64'""  h.  v.  (bog  ore)     .     .     .     2-10  2-07 

8-64  "      "     (siliceous  sand)     .  0-62  0-55 

8   "      " 0-20  0-21 

4   "     " 1-26  1-21 

2   "      " 5-18  2-92 

1    "      " 6-30  7-36 

0-5™"   " 13-19  8-81 

0-25'""'« 27-93  7-85 

<  0-25  "  " 2702  35-22 

Clay, 14-82  3316 

98-42  99-36 


6  Tins  action  of  salt  in  cloarin^  water  has  lately,  it  seems,  been  claimed  as  a  new  dis- 
covery by  Mr.  D.  Robertson,  in  a  communication  to  the  British  Geological  Society. 
But  the  clearing  of  muddy  water  by  salt,  as  well  as  by  ahim,  has  been  a  popular  recipe 
for  ages;  and  tlie  action  at  the  mouths  of  rivers  is  pointedly  referred  to  by  Mr.  Sidcll,  in 
Hep.  Pfiys.  and  Ilydr.  of  Miss.  River,  App.  A,  p.  xi. 
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S11.T  Analyses  of  Mississippi  Soils  and  Subsoils.  Bt  Euqenb 
W.  Hilgard,  of  Oxford,  Mississippi. 

The  results  here  communicated  are  the  first-fruits  of  an  investi- 
gation on  the  physical  constituents  of  soils  and  clays,  undertaken 
with  the  aid  of  the  "  chum  elutriator  "  for  silt  analysis,  described 
in  another  paper.  While  far  from  being  as  complete  or  satisfac- 
tory as  I  could  desire,  there  is  much  that  is  suggestive  of  the  di- 
rection to  be  pursued  in  the  farther  prosecution  of  the  research, 
and  of  the  importance  of  the  results  to  be  attained.  The  neces- 
sary interruption  of  the  work  on  my  part,  for  some  time  to  come, 
may  serve  as  an  additional  apology  for  an  otherwise  somewhat 
premature  publication. 

The  materials  of  which  the  silt  analyses  are  here  given  were 
chosen  as  typical  representatives  of  the  more  important  varieties 
of  soils  in  the  State  of  Mississippi.  For  reasons  repeatedly  ex- 
plained, I  have,  in  most  cases,  preferred  to  deal  with  the  subsoil 
instead  of  the  soil  itself,  whose  organic  ingredients  materially  in- 
terfere with  the  operations  of  analysis,  as  well  as  with  the  inter- 
pretation of  the  results.  The  general  differences  between  the  soil 
and  subsoil,  in  ordinary  cases,  are  well  understood ;  and  for  general 
research  and  comparison,  the  latter  is  much  more  available.  I 
have  nervertheless,  in  one  case,  analyzed  the  soil  and  subsoil  (206 
and  209  of  the  table)  for  comparison ;  the  differences  falling,  as 
will  be  seen,  just  where  they  would  be  expected.  The  deficiency 
in  the  summing  up  of  the  "«oi7"  arises  mainly,  of  course,  from 
the  dissolution  and  loss  of  vegetable  matter. 

As  a  standard  for  comparison  and  reference,  I  place  first  in  the 
table  a  very  pure,  highly  plastic  pipe-clay ;  probably  as  free  from 
foreign  admixtures  as  a  sedimentary  clay  can  well  be,  the  sedi- 
ments being  exclusively  white  quartz  grains,  sharp  and  angular. 
It  resembles  kaolin,  and  is  probably  directly  derived  from  the  car- 
boniferous fire-clays.  1 

>Mi88.  Rep.,  1860,  p.  34  and  ff. 
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Of  the  "Upland"  soils  in  the  foregoing  table,  Nos.  248,  206, 
209,  397,  219  and  173,  are  properly  of  the  "Yellow  Loam"  age, 
i.  e.,  of  the  end  of  the  Drift  period  ;^  while  165  is  one  of  the  two 
chief  varieties  of  soils  occurring  in  the  "Flat  Woods,"  a  level 
area  bordering  on  the  Cretaceous,  and  mostly  characterized  by  the 
occurrence  of  the  lower  tertiary  clays  near  the  surface.  The  light 
soil  (165)  occurs  in  irregular  strips  and  patches ;  it  is  very  easily 
tilled  at  all  times ;  all  rain  water  is  promptly  absorbed  ;  but  it  is 
too  "open,"  droughty,  and  does  not  hold  manure  at  all. 

No  248  forms  a  stratum  3  feet  thick,  on  the  ridges  east  of  Talla- 
homa  creek,  Jasper  county.  Miss.  By  its  disintegration,  it  forms 
a  deep  and  extremely  sandy  soil,  which  is  injured  by  high  winds 
carrying  away  its  finer  parts.  It  has,  however,  yielded  good  crops 
of  corn  and  cotton  for  fifteen  years  without  manure,  though  liable 
to  injury  from  drought. — Nos.  206  and  209  are  typical  of  the 
*'Pine  Hill"  region  of  South  Mississippi,  the  home  of  the  long- 
leaved  pine.  The  soil  is  very  "light"  and  easily  tilled,  but  not 
nearly  as  "open"  as  the  preceding  two.  It  is  materially  improved 
by  the  admixture  of  the  subsoil.  No.  209  ;  which  enables  it  to  hold 
manure,  being  what  would  be  termed  a  "sandy  loam." 

Nos.  397  and  219  are  typical  of  the  cotton  uplands  of  western 
Mississippi  and  Tennessee ;  219  being  of  the  first  quality ;  397  a 
second-rate  soil.  Their  prominent  characteristic  is  an  excessive 
and  most  distressing  proneness  to  denudation  or  "washing,"  in 
consequence  of  a  want  of  perviousness,  together  with  the  property 
of  promptly  swelling  up,  on  contact  with  water,  into  a  loosely  gelat- 
inous condition,  in  which  they  readily  diffuse  in  water.  From  the 
same  cause,  the  frequent  alternations  of  freezes  and  thaws  in  the 
winters  of  their  latitude  of  occurrence,  are  even  more  disastrous, 
and  cause  a  frequent  freezing  out  of  winter  grain,  that  at  first 
sight  seems  very  surprising.  The  effects  of  denudation  on  these 
soils  are  but  too  obvious  even  to  the  passer-by,  are  difldcult  to 
check,  and  are  fast  assuming  the  proportions  of  a  public  calamity. 

These  soils  are  easily  tilled  when  in  the  proper  condition,  but  if 
ploughed  too  wet  are  severely  injured,  hard  clods  remaining  through- 
out the  season.  There  readily  forms  on  their  surface  a  very  hard 
crust  (they  "bake"),  so  that  the  surface  requires  stirring  after  every 
rain. 

No.  173  is  the  subsoil  of  the  cretaceous  prairies  of  northeastern 

3  Miss.  Bop.,  1860.  p.  197. 
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Mississippi,  forming  a  stratum  3  to  7  feet  thick,  overlying  the  cre- 
taceous rock.  Although,  in  the  wet  condition,  it  is  accounted  a 
**heavy  clay"  soil,  it  possesses  the  peculiarity  of  "slaking"  on 
drying,  instead  of  forming  a  hard  crust — unless,  indeed,  the  dry- 
ing process  be  exceedingly  slow.  It  is  not,  therefore,  as  difficult  to 
cultivate  as  would  be  supposed  from  the  sum  of  its  fine  ingredients. 
Nor  is  it  nearly  as  much  subject  to  denudation  as  the  two  preced- 
ing soils,  the  mass  formed  by  its  contact  with  water  being  too 
tough  and  coherent  to  be  readily  moved  by  flowing  water.  But 
being  very  little  pervious,  it  is  liable  to  injury  in  wet  seasons ; 
while  in  dry  ones,  the  cracks  formed  by  the  contraction  of  the 
subsoil  prove  disastrous. 

No.  230  is  the  soil  prevalent  in  the  Flatwoods  (see  above),  and 
is  the  direct  result  of  the  disintegration  of  the  old  tertiary  clays. 
It  is  a  very  heavy,  intractable  soil,  yielding  good  crops  only  in  very 
favorable  years,  as  it  is  exceedingly  liable  to  injurj'  both  from  wet 
and  dry  seasons,  and  can  be  tilled  only  within  a  very  limited  range 
of  condition  as  to  moisture.  Water  will  stagnate  on  it  for  weeks, 
and  a  late,  wet  spring  will,  sometimes,  altogether  prevent  the 
pitching  of  crops.     But  it  is  not  at  all  liable  to  denudation. 

No.  246  is  likewise  the  direct  result  of  the  disintegration  of 
(highly  ferruginous)  tertiary  clays.  Notwithstanding  its  high  per- 
centage of  "clay,"  it  is  more  easily  tilled  than  the  preceding  one, 
although  acquiring  a  stony  hardness  when  dried  slowly.  The 
fact  that  among  its  40'25  per  cent,  of  "clay"  there  are  10*6  of  fer- 
ric oxid,  and  that  it  contains -8  percent,  of  lime,  explains  both  its 
easier  tillage  and  greater  thriftiness,  as  compared  with  the  pre- 
ceding. It  is  a  pretty  "safe"  soil,  and  quite  productive ;  not  at 
all  subject  to  denudation. 

No.  196  is  the  extreme  of  a  clay  soil,  so  as  to  be  almost  unfit 
for  tillage,  and  directly  available  for  the  potter's  lathe.  It  bears, 
nevertheless,  a  pretty  good  growth  of  timber,  chiefly  pine.  Its 
popular  name  is  derived  from  the  peculiar  aspect  assumed  by  its 
surface,  when  after  adroughtwhich  has  caused  fissures  (as  much  as 
an  inch  wide)  to  be  formed,  a  rain  causes  the  edges  first  to  crumble 
off  into  the  open  cracks,  and  then  swell ;  which,  with  the  subse- 
quent swelling  of  the  mass  itself,  compels  it  to  bulge  up.  The 
result  is  a  hillocky  surface,  which  is  popularly  likened  to  "hog 
wallows."     The  soil  is  at  present  practically  worthless. 

The  next,  No.  390,  is  very  similar  in  its  (ostensible)  physical 
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composition  to  the  preceding.  Yet  while  the  "  hog- wallow"  soil 
is  among  the  most  worthless  of  the  soils  of  Mississippi : —  this, 
the  celebrated  ^^  buckshot"  soil  of  the  Mississippi  bottom,  is  among 
the  most  valuable.  True,  the  chemical  composition  of  the  buck- 
shot soil  is  greatly  superior  to  that  of  the  other ;  yet  it  could  not 
rank  as  high  as  it  does,  as  a  cotton  soil  especially,  but  for  the  fact 
that  (in  common  with  the  prairie  soil,  173,  above  described)  it 
possesses  the  property  of  crumbling  or  *'  slaking"  by  rapid  dry- 
ing ;  so  that,  even  when  it  has  been  ploughed  too  wet,  on  drying, 
each  clod  resolves  itself  into  a  pile  of  loose  crumbs,  which  have 
given  rise  to  the  popular  name  of  "  buckshot."  Notwithstanding 
its  clayey ness,  it  is  therefore  a  very  "  safe"  soil,  and  highly  es- 
teemed for  its  thriftiness. 

Alongside  of  this  soil,  which  represents  the  cypress  swamp 
deposits  of  the  "  Port  Hudson"  epoch  of  the  Champlain  period  of 
depression,  I  give  the  composition  of  the  "  Loess"  of  the  Lower 
Mississippi ;  a  deposit  evidently  formed  in  a  shallow,  broad,  fresh- 
water estuary  possessing  a  slight  flow,  during  the  time  of  more 
rapid  depression  of  this  portion  of  the  continent.  It  forms  a  soil 
very  easily  tilled,  somewhat  too  open  and  droughty,  but  fairly  pro- 
ductive, and  practically  exempt  from  denudation.^ 

It  is  interesting  to  compare  this  ancient  deposit  with  those  now 
formed  under  somewhat  analogous  circumstances,  by  the  sluggish 
"bayous"  traversing  the  bottom  of  the  great  river.  Compare  No. 
237  with  377,  a  "Frontland"  soil  from  a  plantation  on  Indian  Bayou 
in  Sunflower  county,  and  we  find  the  physical  constituents  almost 
identical.  No.  395  is  from  a  point  near  the  main  river,  on  Gov. 
Alcorn's  plantation  in  Coahoma  county  ;  it  has  evidently  been  de- 
posited by  a  more  rapid  current,  as  it  contains  more  of  the  coarser 
ingredients,  to  which  there  adhered  a  suflSciency  of  clay  to  render 
the  soil  retentive,  though  so  porous  that  water  will  not  stand  on  it 
for  a  moment.  It  is  very  easily  tilled,  and  from  its  great  depth  is 
very  productive. 

I  subjoin,  for  farther  comparison,  the  analysis  of  a  specimen  of 
river  deposit  taken  in  the  shallow  water  of  the  Southwest  Pass  of 
the  Mississippi  river,  three  miles  below  the  head  of  the  passes,  at 
extreme  low  water.  Here,  again,  the  sediments  of  1,  2,  4*""  form 
the  prominent  landmarks,  as  in  the  two  other  river  jleposit  soils,  in 
which  the  clay  and  finest  silts  seem  to  be  the  chief  variables. 

"Miss.Rep.,  18no,p.314. 
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Having  thus  established,  presumably,  the  normal  composition 
of  the  river  alluvium  proper,  I  add,  for  further  comparison,  the 
analysis  of  material  from  a  stratified  mudlump  cone,  which  greatly 
resembles  in  aspect  the  river  deposit.  The  point  to  be  determined 
IS  whether  this  cone  represents  an  upheaved  mass  of  river  deposit, 
or  the  mud  ejected  from  a  mudlump  crater^ —  an  eruption  cone. 
The  result  seems  to  point  to  the  latter  as  the  more  probable  origin 
of  the  mass,  as  it  presents  but  little  similarity  to  the  recognized 
river  deposits,  in  the  proportions  of  its  sediments. 

In  discussing  the  results  of  these  analyses,  I  first  recall  to  mind 
the  practical  object  primarily  intended  to  be  subserved  by  them, 
viz.,  to  convey  to  any  intelligent  mind,  anywhere  in  the  world,  a 
definite  idea  of  the  physical  qualities  of  the  soil ;  of  its  tillability, 
so  to  speak  ;  of  its  behavior  in  wet  and  dry  seasons ;  its  liability 
to  washing,  etc.  If  the  data  given  in  the  table  do  not  at  present 
convey  such  definite  knowledge  to  the  minds  of  this  audience,  it  is 
because  the  molecular  properties  of  the  several  sediments  are  not 
yet  fully  known,  nor  generally  understood.  But  there  can  be 
little  difficulty  in  the  empirical  determination  of  these  factors, 
once  for  all,  so  far  as  they  refer  to  the  pulverulent  minerals, 
whose  physical  properties  are  sensibly  dependent  upon  the  size 
of  the  particles  alone ;  the  diflTerences  of  specific  gravity,  etc., 
being  ordinaril}'  too  slight  to  influence  materially  their  modifying 
influence  upon  the  clay,  or  upon  each  other.  To  this  rule  mica  and 
bog  ore  form,  probably,  the  only  practically  important  exceptions. 

As  regards  the  modifying  effect  upon  the  extreme  plastic  prop- 
erties of  the  clay,  the  pulverulent  ingredients  obviously  divide 
into  two  chief  classes,  viz. : 

J.  The  coarse  portion,  which  increases  the  "  lightness"  and 
porosity  of  the  soil,  sensibly  in  proportion  to  its  percentage. 

2.  The  fine  portion,  which,  while  modifying  the  plastic  prop- 
erties of  the  clay,  yet  renders  the  soil  heavier  in  tillage  than 
would  be  the  case  if  it  were  absent,  and  the  clay  adherent  to  the 
coarse  particles  alone. 

Soils  consisting  mainly  of  very  fine  siliceous  silt,  with  only  a 
small  percentage  of  clay,  are  among  the  very  heaviest,  working 
"  like  putty,"  clogging  the  plough  when  in  the  least  degree  too 
wet,  and  in  drying,  caking  into  clods  of  "  hard  pan." 

*  See  my  paper  on  the  Geoloffy  of  Uie  Delta,  and  the  Mudlumps  of  the  Pasfice  of  the 
Mississippi,  Am.  Jour.  Sci.,  April,  May  and  «lune,  1871. 
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Snob  being  the  case,  it  would  seem  that  between  the  coarse 
part  which  lightens  soils,  and  the  fine  silts  which,  like  clay,  render 
them  heavier,  there  must  be  a  neutral  point  —  a  degree  of  fineness 
which  will  not  sensibly  influence  either  the  porosity  or  the  com- 
pactness of  the  soil.  Odd  as  this  conclusion  appears,  it  seems 
nevertheless  to  be  borne  out  by  experience. 

In  fingering  the  coarser  silts,  it  at  once  becomes  obvious  that 
nothing  above  1""  hydr.  value  can  tend  to  render  a  soil  heavier; 
while  it  is  equally  manifest  that  the  impalpable  particles  belonging 
to  the  velocity  of  0*25""  cannot  tend  to  lighten.  In  searching 
tentatively,  by  the  summation  of  groups  of  physical  ingredients, 
for  numbers  that  would  satisfactorily  express  the  estimated  relar 
tive  resistances  to  tillage  of  the  soil  analyzed,  I  found  that  such 
numbers  would  result  from  a  summation  of  the  three  items  lowest 
in  the  column,  viz.,  the  silts  of  0*25,  <]0'25,  and  clay.  These  are 
given  under  the  head  of  "  Compactness  "  or  "  Resistance  to 
Tillage." 

Similarly,  numbers  satisfactorily  expressing  the  relative  "Open- 
ness" result  from  the  summation  of  the  coarser  ingredients,  down 
to  1""  inclusive.  These  numbers  are  given  opposite  to  the  head- 
ing "Porosity." 

But  either  series  becomes  quite  unsatisfactory,  as  soon  as  the 
silt  corresponding  to  0-5™™  is  added  either  way  ;  except,  of  course, 
where  its  percentage  is  too  small  to  influence  either  sum  very 
seriously. 

Of  course  these  can  only  be  approximations,  it  being  especially 
obvious  that  sand  of  64  and  32*°°  must  exert  a  much  greater  in- 
fluence toward  rendering  a  soil  "open,"  than  silts  of  1  or  2°" ; 
which  are,  nevertheless,  accounted  for  as  equal  in  eflfect,  in  the 
above  summation.  Yet  even  here  there  are  counterbalancing  con- 
siderations, which  in  a  measure  explain  the  comparatively  close 
approximation  to  the  result  of  experience.  Chief  amongst  these 
is,  doubtless,  the  circumstance  that  the  finer  materials,  when  damp 
and  stirred  up  (as  they  are  in  the  cultivated  soil),  will  occupy  a 
much  greater  bulk  than  equal  weights  of  coarse  sand ;  being  in 
what  is  technically  termed  a  "woolly  "  condition  of  looseness.  It 
is  therefore  quite  intelligible  that,  within  certain  limits,  "coarse 
silt"  should  exert  a  ^'lightening"  influence  equal  to  that  of  "coarse 
sand,"  which  is  apt  to  pack  quite  closely. 
It  may  be  asked,  What  would  be  the  character  of  a  soil  consist- 
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ing  exclusively  of  the  silt  of  0'5"",  claimed  to  be  sensibly  neu- 
tral in  its  effect  on  the  compactness  and  porosity  of  soils?  I  reply 
that,  judging  from  the  small  quantities  of  material  at  my  command, 
such  soil  would  offer  an  extremely  slight  resistance  to  tillage,  and 
that  such  resistance  would  be  increased  by  the  addition  of  either 
clay  or  sand,  in  proportion  to  the  amounts  added. 

The  case,  however,  can  hardly  occur  in  nature.  The  difficulties 
encountered  in  separating  the  several  materials  in  accordance 
with  their  hydraulic  values,  even  by  the  aid  of  apparatus  espe- 
cially constructed  for  the  purpose,  forcibly  suggest  that  it  is 
scarcely  possible  that  such  conditions  should  ever  be  realized  in 
nature :  the  tendency  to  coalescence  of  particles  necessarily 
causing  all  sedimentary  deposits  to  consist  of  molecular  aggre- 
gates (at  least  so  far  as  the  finer  portions  are  concerned),  instead 
of  simple  granules.  These  aggregates  will  rarely,  if  ever,  consist 
of  particles  of  equal  hydraulic  value,  the  natural  tendency  being 
for  small  particles  to  fill  up  the  interstices  left  between  larger 
ones,  which  cannot  attain  close  contact  between  themselves  alone. ^ 
Moreover,  in  view  of  this  inevitable  formation  of  aggregates,  the 
molecular  properties  of  a  clay  or  subsoil  will  never  correspond 
exactly  to  the  mean  resulting  from  a  mere  consideration  of  the 
molecular  coefficients  of  each  one,  mulliplied  into  its  percentage. 
How  far  this  difference  extends  is  a  question  involving  a  previous 
investigation  of  those  coefficients. 

Among  the  latter,  that  of  absorption  of  aqueous  vapor  is  of  no 
mean  importance,  since  it  determines,  in  a  great  measure,  the 
resistance  of  the  soil  to  drought.  As  heretofore  stated,®  I  find 
that  at  temperatures  between  +7  and  +21°,  the  amount  of  aque- 
ous vapor  absorbed  by  a  thin  layer  of  a  clay,  or  soil  not  unusually 
rich  in  humus^  in  a  saturated  atmosphere,  is  sensibly  constant ; 
the  variations  being  within  the  limits  of  errors  of  observation,  and 
indiscriminately  either  way.  A  glance  at  the  data  given  in  the 
table,  opposite  the  heading  ''hygroscopic  moisture,"  shows  that 
while  in  general,  as  is  well  known,  clay  soils  are  more  absorbent 
than  sandy  ones,  yet  there  exists  no  direct  numerical  relation  be- 
tween the  amount  of  clay  present,  and  the  absorbing  power.     Not 

•  There  i8  n  sensible  difference,  in  tliis  respect,  between  materials  much  ronntlert  and 
water  worn,  «nd  ihose  whObe  grains  are  still  ••8har|»."  The  latter  are  much  more  dif- 
ficult to  separate  in  the  churn  clutriator,  and  re-coalesce  most  peitinaciou&ly. 

0  Froc.  A.  A.  A.  8.,  Dubuque  meeting,  lb72;  p.  73. 
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only  is  that  of  the  typical  white  pipe-clay  (No.  238)  scarcely 
greater  than  that  of  an  ordinary  loam  subsoil  (Nos.  397  and  219), 
but  it  is  not  half  as  great  as  that  of  the  clay  soil  246  (with  40  per 
cent,  of  **clay"  which  in  its  turn  has  a  higher  absorptive  coeffi- 
cient than  196  (with  47  per  cent,  of  clay).  Finally,  230,  with 
25*5  per  cent,  of  clay,  is  more  than  equal  in  hygroscopic  power  to 
the  pipe  clay  with  75  per  cent. 

Evidently,  the  hygroscopic  coefficient  is  largely  controlled  by 
the  presence,  with  the  clay,  of  the  powdery  ingredients  which  de- 
termine its  looseness  of  texture,  so  to  speak  ;  moreover,  the  finer 
silts  themselves  possess  a  considerable  absorbing  power.  Again, 
the  presence  of  hydrated  ferric  oxid  materially  influences  this 
power ;  so  much  so  that  no  general  conclusion  concerning  the  hy- 
groscopic eflfect  of  ''clay"  can  be  reached,  unless  the  amount  of 
iron  present  be  taken  into  account.  I  am  unable,  as  yet,  to  furnish 
this  datum  for  all  the  soils  on  the  table,  save  as  regards,  for  most 
of  them,  the  percentage  in  the  original  substance.  That  the 
h3'dro-ferric  oxid  accumulates  mainly  in  the  "  clay  "  obtained  in 
silt  analysis,  I  have  already  stated ;  and  hence  the  percentages 
given  at  the  bottom  of  the  table  may  measurably  serve  to  form  an 
estimate  of  its  influence  on  the  hygroscopic  properties.  In  some 
cases,  however,  the  ferric  oxid  obtained  in  analysis  was  almost  al- 
together present  in  the  shape  of  bog-ore  grains  ;  these  are  placed 
in  parentheses,  it  being  obvious  that  the  '*  white  "  soils,  to  which 
these  determinations  belong,  do  not  contain  more  than  0*5  per 
cent,  of  the  oxid  in  the  finely-divided,  hygroscopically  effective 
condition.  In  the  coarse  sandy  soil  248,  the  iron  mainly  incrusts 
the  sand  grains;  and  in  Nos.  165,  206  and  390,  the  presence  of 
humus,  in  sensible  quantities,  influences  the  coefficient.  In  the 
rest,  the  amount  of  humus  is  insignificant,  and  the  influence  of  the 
finely-divided  hydro-ferric  oxid  is  especially  noticeable  when  we 
compare  Nos.  209  and  397  with  each  other ;  and  also  Nos.  230 
and  196  with  246.  The  clay  obtained  in  the  silt  analysis  of  No. 
219  contains,  according  to  Mr.  Lougbridge's  determination',"^  18*76 
per  cent,  of  ferric  oxid,  as  compared  with  5*60  in  the  original  sub- 
stance ;  its  absorpti  e  coefficient  was  20-0,  as  compared  with  7*21 
in  the  original.  How  much  of  this  increase  of  hygroscopic  power 
was  due  to  the  concentration  of  the  clay  alone,  we  can  at  present 
but  conjecture ;  but  if  we  may  judge  by  the  absorptive  power  of 
7  See  the  succeeding  paper. 
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the  pipe-clay  238,  the  increase  must  be  largely  attributed  to  the 
hydro- ferric  oxid. 

The  influence  of  "  humus"  on  the  hygroscopic  power  is  known 
to  be  very  great ;  so  also  is  that  on  the  soil's  porosity  and  resist- 
ance to  tillage.  Unfortunately,  the  very  indefinite  character  of 
that  substance  renders  it  extremely  difficult  to  determine  quanti- 
tatively its  action,  and  take  it  into  account. 

The  questions  remaining  to  be  determined  in  connection  with 
this  whole  subject  are  so  numerous,  and  so  little  explored  as  yet, 
that  their  full  elucidation  might  well  form  the  work  of  a  lifetime. 


On  the  Distribution  of  Soil  Ingredients  among  the  Sediments 

OBTAINED     IN    SlLT    ANALYSIS.        Bt    R.     H.    LoUGHRIDOE,   Of 

Oxford,  Miss. 

In  connection  with  the  separation  of  soils  into  sediments  of 
definite  hydraulic  value,  as  accomplished  by  Dr.  Hilgard's  churn 
elutriator,  an  interesting  question  arises  as  to  the  chemical  com- 
position of  the  sediments  obtained. 

It  is  evident  from  his  results  that,  in  the  soils  treated,  all  of  the 
important  soil  ingredients  are  contained  in  the  finer  sediments, 
there  being  visibly  nothing  but  quartz  sand  of  different  diameters 
remaining  in  the  coarser  ones. 

Does  then  the  "  Clay  "  contain  them  all,  or  are  they  more  or  less 
distributed  among  the  several  proximate  sediments? 

In  the  investigation  of  this  question,  use  was  made  of  the  same 
yellow  loam  upland  subsoil,  from  Benton  Co.,  Miss.,  that  formed 
the  subject  of  my  experiments  on  *'  Strength  of  Acid  and  Time  of 
Digestion."  Great  care  was  taken  to  obtain  a  complete  and  pure 
sedimentation,  distilled  water  being  used  ;  and  the  analyses  were 
made,  according  to  our  usual  method,  after  five  days'  digestion  in 
acid  of  strength  1-115. 

In  the  following  table  of  results  the  percentages  are  given  first 
with  reference  to  the  absolute  amount  of  each  sediment  itself; 
then  with  reference  to  the  entire  amount  of  soil  taken  for  elutri- 
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ation.  In  the  last  column  a  summation  is  made  of  each  ingre- 
dient for  comparison  with  a  previous  analysis  of  the  soil,  which  is 
placed  alongside. 
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It  appears  from  these  analyses  that  the  "clay  "is  by  far  the 
richest  in  mineral  ingredients,  the  amount  being  more  than  twice 
that  of  the  others  combined.  Its  insoluble  residue  is  very  small, 
while  the  soluble  portion  consists  largely  of  free  silica  derived 
from  h3drous  silicates  of  the  bases. 

Its  volatile  matter  (which  includes  hygroscopic  moisture  left 
after  drying  at  100°  C,  and  water  of  hydration)  is  of  course  tlie 
largest ;  as  are  also  the  remaining  ingredients,  except  lime.     The 
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large  amount  of  soda,  however,  is  due  to  the  chloride  used  in  the 
precipitation  of  the  diffused  clay. 

In  the  other  sediments,  the  soluble  ingredients,  except  soda  and 
lime,  decrease  in  almost  a  geometrical  ratio ;  there  being  also  a 
corresponding  increase  of  sand. 

There  are  several  interesting  points  in  connection  with  this  ra- 
tio of  decrease  which  may  be  summed  up  as  follows. 

1.  The  iron  and  alumina  exist  in  almost  identical  relative  pro- 
portions in  each  sediment;  making  it  probable  that  they  are  in 
some  way  definitely  correlated.  , 

2.  Potash  and  magnesia  also  exist  in  almost  the  same  quan- 
tities, and  their  ratio  to  each  other  in  all  the  sediments  being  al- 
most constant  seems  to  indicate  that  the}' occur  combined,  perhaps 
in  some  zeolitic  silicate,  which  may  be  a  source  of  supply  to 
plants. 

8.  Manganese  exists  only  in  the  clay,  a  mere  trace  being  found 
in  the  next  sediment. 

4.  The  lime  appears  to  be  "  nowhere  "  having  probably  been 
largely  dissolved,  in  the  shape  of  carbonate,  by  the  large  quantity 
of  water  used  in  elutriation.  Its  increase  in  the  coarser  portions 
may  be  owing  to  its  existence  in  the  crystallized  form,  not  so 
readibly  soluble. 

In  a  general  summation  of  the  ingredients  in  the  several  sedi- 
ments and  comparison  with  the  analysis  of  the  soil  per  se^  there  is 
a  loss  in  potash,  magnesia  and  lime ;  which  may  reasonably  \)e 
supposed  to  have  been  dissolved  by  the  water  of  elutriation. 

Some  of  the  soluble  silica  clearly  remains  undetermined  in  the 
coarser  sediments. 

The  differences  in  ferric  oxid  and  alumina,  shown  throughout 
the  analyses  of  this  soil,  may  partly  be  accounted  for  by  the  une- 
qual distribution  of  the  particles  of  iron  ore  existing  in  the  soil. 

Of  course  the  law  of  distribution  of  soil  ingredients  may  differ 
in  other  soils ;  but  the  great  distance  from  the  point  of  derivation 
of  the  materials,  and  the  wide  distribution  of  the  soils  of  which 
this  is  a  type,  probably  render  the  above  results  of  more  than  local 
applicability. 
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On  THE  Influence  of  Strength  of  Acid  and  Time  of  Digestion 

IN    THE    EXTRACTION  OF   SoiLS.        By   R.    H.   LoCGH RIDGE,   Of 

Oxford,  Miss. 

The  following  investigation  was  andertaken  with  a  view  of  de- 
termining the  extent  to  which  the  variations,  liitely  to  occur  in 
the  extraction  of  soils  by  hydrochloric  acid  for  the  purpose  of 
analysis,  can  influence  the  ultimate  results ;  the  special  object 
being  to  ascertain  the  comparability  of  the  analyses  made  in 
connection  with  the  Agricultural  Survey  of  Mississippi,  both 
among  themselves,  and  with  those  made  by  similar  methods  by 
Dr.  Peter,  of  soils  collected  by  the  Surveys '  of  Kentucky  and 
Arkansas. 

In  beginning  the  analyses  of  Mississippi  soils  in  1858,  Dr. 
Hilgard adopted  the  following  method,  which  has  also  been  adhered 
to  by  his  successors  in  this  work,  in  over  two  hundred  analj'ses 
made. 

The  soil  (i.  e.,  "fine  earth")  is  pulverized  with  a  wooden  pestle 
and  thoroughly  mixed.  The  hygroscopic  moisture  is  determined, 
after  exposing  it  in  a  space  saturated  with  vapor,  in  a  layer  not 
exceeding  1°™  in  thickness,  for  twelve  hours,  by  drying  at  200°  C. 
in  a  paraffine  bath.  Of  this  dried  substance  from  two  to  three 
grams  are  usually  used  in  the  general  analysis,  the  methods  em- 
ployed being  in  general  those  adopted  by  Dr.  Peter. ^  In  another 
portion,  after  ignition,  the  phosphoric  acid  is  determined  by  diges- 
tion for  five  days  with  nitric  acid  at  100°  C,  evaporation,  pre- 
cipitation by  ammonium  molybdate,  digestion  at  100°,  solution  in 
ammonia  and  precipitation  by  magnesium  sulphate. 

For  general  analysis  the  soil  is  digested  in  hydrochloric  acid 
of  strength  1'115  (as  a  rule)  at  100°.  It  is  then  evaporated  to 
complete  dryness,  this  adding  another  day  to  the  digestion. 

In  the  insoluble  residue  the  soluble  silica  is  determined  by 
boiling  with  sodic  carbonate.  The  alumina  and  ferric  oxid  are 
precipitated  according  to  Rose's  method  of  boiling,  for  the  com- 
plete separation  of  manganese,  magnesium  and  calcium.  The 
mixed  precipitate  is  treated  with  potassic  hydrate. 

After  precipitation  of  the  lime  by  ammonic  oxalate,  the  am- 
moniacal  salts  are  destroyed  by  Lawrence  Smith's  method,  with 
aqua  regia ;  and  the  residue  converted  into  nitrates,  from  which 
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sulphuric  acid  is  precipitated  by  barium  nitrate.  The  alkalies  are 
then  sepnrated  by  treatment  with  oxalic  acid,  ignition  and  wash- 
ing. In  the  residue,  barium,  manganese  and  magnesia  are  sepa- 
rated as  usual. 

With  the  aid  of  a  Bunsen's  filtering  apparatus  we  can,  by  this 
method,  complete  an  analysis  in  five  days  exclusive  of  digestion ; 
and  three  analyses  may  be  in  progress  at  the  same  time. 

The  substance  experimented  upon  was  a  subsoil,  a  typical  rep- 
resentative of  the  best  yellow  loam  uplands  of  Mississippi,  from 
the  table  lands  of  Benton  Co.,  Miss. ;  No.  219  of  the  Survey  Col- 
lection.3 

To  determine  the  question  as  to  whether  such  variations  in  the 
strength  of  the  acid,  as  might  possibly  have  occurred  in  the  use 
of  the  steam  distilled  (i.  e.,  from  a  retort  surrounded  by  steam) 
product,  without  previouslj'  ascertaining  its  concentration,  portions 
of  the  subsoil  were  digested  five  days  with  hydrochloric  acid  of  the 
strength,  severally,  of  1-100,  1115  (the  normal  concentration) 
and  M60. 

As  to  the  time  during  which  the  soil  must  be  digested  in  hy- 
drochloric acid  that  the  (sensible)  limit  of  its  solvent  action  upon 
the  important  soil  ingredients  may  be  reached.  Dr.  Peter's  prac- 
tice has  been  to  digest  for  about  ten  days,  in  his  800  analyses  of 
Kentucky  and  Arkansas  soils  ;  while,  for  reasons  of  convenience, 
half  that  time  has  been  adopted  in  the  analyses  of  the  Mississippi 
Survey.  The  question  whether  under  these  circumstances,  the 
two  series  can  be  deemed  comparable,  was  approached  by  diges- 
tions for  periods  of  one,  three,  lour,  five  and  ten  days,  of  the  same 
soil  with  the  same  large  excess  of  acid  of  1*115;  all  precautions 
being  taken  to  accomplish  each  analysis  as  nearl}-  as  possible  under 
the  same  circumstances. 

For  the  digestions,  use  was  made  of  porcelain  beakers  (the  use 
of  glass  being  objectionable  because  of  its  solubility)  ;  the  same 
amounts  (40''*'™)  of  acid  were  used,  and  steam  kept  up  about 
twelve  hours  each  day. 

The  hour  of  ^'putting  down"  was  carefully  noted,  and  at  the 
end  of  the  allotted  time  the  solution  was  poured  off  from  the  in- 
soluble residue,  and  each  evaporated  to  dryness  separately  and 
reunited  in  solution,  to  prevent  any  further  action  of  the  acid. 

*The  analysis  of  the  subsoil  of  a  neighboring  tract  is  given  in  Hilgard's  Report, 
1860,  p.  2SI2. 
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The  results  of  the  investigation  as  to  strength  of  acid  are  as 
follows : — 


8P 

O.  OF  ACID. 

INGRBDIE^TS 

1.10 

1.115 

1.160 

Insoluble  Residue   .    .    . 

71.88 

70.53 

74.15 

Soluble  Silica      .... 

11.38 

12.30 

9.42 

Potash 

.60 

.63 

.48 

Soda 

.13 

.09 

.35 

Lime 

.27 

.27 

.28 

Mngrnesia 

.45 

.45 

.45 

Br.  Ox.  Manganese  .    .    . 

.06 

.06 

.06 

Ferric  Oxid 

6.16 

5.11 

5.04 

Alumina 

6.84 

8.09 

6.23 

Sulphuric  Acid    .... 

.02 

.02 

.02 

Tolatile  Matter    .... 

3.14 

3.14 

3.14 

100.02 

100.09 

99.29 

A mt.  of  Soluble  Mn iter     . 

24.00 

27.02 

22.27 

Amt.  of  Soluble  Bases  .    . 

13.60 

14.70 

12.83 

It  thus  appears  that  in  the  strongest  acid  the  amount  of  insol- 
uble residue  is  far  greater  than  in  either  of  the  others,  and  that 
the  difference  lies  chiefly  in  the  soluble  silica  and  alumina  (i.  e., 
clay),  together  with  potash  and  lime.  The  other  ingredients  seem 
to  be  indifferent  as  to  the  strength  of  the  acid. 

Between  the  acids  of  strength  1-10  and  1-115  the  difference  is 
not  so  great,  but  the  advantage  is  clearly  with  the  latter,  the 
amounts  of  silica,  potash  and  alumina  being  greater,  while  the 
lime  remains  the  same  in  both. 

This  result  points  to  the  conclusion,  that  while  lime  and  mag- 
nesia (being  readily  dissolved)  are  probably  present  chiefly'  as 
carbonates  or  hydrocarbon ates ;  potash  as  well  as  alumina,  and 
to  some  extent  lime,  are  present  as  silicates,  and  for  that  reason 
are  not  as  fully  extracted  by  acid  of  low  strength  as  by  that  of 
1-115;  although  the  former  acts  more  powerfully  than  that  of 
M60. 

The  latter  fact  (the  coincident  result  of  two  analyses),  though 
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unlocked  for,  is  not  without  analogies,  although  its  precise  cause, 
in  this  case,  still  requires  elucidatiou.  Whether  the  maximum  of 
action  is  exerted  by  acid  of  1*115  is  another  question  of  some 
interest,  to  be  determined  hereafter. 

As  for  the  comparability  of  tlie  analyses  as  affected  by  the  prob- 
able variations  of  strength  of  acid,  I  remark  that  the  acid  used 
for  distillation  by  Dr.  Peter,  as  Dr.  Hilgard  informs  me,  was  the 
"C.  P."  of  commerce,  whose  strength  rarely  much  exceeds  or  falls 
below  that  of  1*115  ;  while  that  used  by  us  was  usually  the  crude, 
diluted  nearly  to  the  same  strength.  The  first  and  last  portions 
coming  over  were  habitually,  1  believe,  rejected  in  either  labora- 
tory'. Under  these-circumstances,  it  is  very  improbable  that  either 
of  the  extremes  of  sp.  gr.,  above  discussed,  ever  actually  oc- 
curred; especially  as  regards  the  strongcr^acid,  which  being  in 
small  quantity,  would  always  be  mixed  with  the  succeeding  weaker 
distillates. 

It  is  therefore  not  probable  that  the  percentage  of  potash  or  other 
important  ingredients,  could  have  been  so  far  underestimated  in 
either  of  the  series  of  analyses,  as  seriously  to  influence  their  com- 
parability, either  within  themselves,  or  with  each  other. 


The  experiments  on  the  influence  of  the  time  of  digestion,  made 
with  acid  of  1*115,  resulted  as  shown  in  the  table  opposite. 

It  appears  that  the  amount  of  dissolved  ingredients  increases  up 
to  the  fifth  day,  the  increase  becoming,  however,  ver}'  slow  as  that 
limit  is  approached.  It  is  also  found  that  the  ingredients  offering 
the  greatest  resistance  to  this  action  are  the  same  as  those  whose 
amounts  were  sensibly  affected  by  the  strength  of  acid,  viz.,  silica, 
potash  and  alumina.^ 

In  regard  to  lime  and  magnesia,  one  day's  digestion  not  being 
8ufl3eient  for  full  extraction,  it  is  evident  that  they  do  not  exist  in 
the  soil  as  carbonates  or  hj'dric  oxides  only,  as  has  been  supposed  ; 
but  also  as  silicates. 

A  comparison  of  the  results  of  the  five  and  ten  day  digestions 
shows  that  the  solvent  action  of  the  acid  has  substantially  ceased 
there  being  no  further  increase  of  the  amount  of  dissolved  matter. 

1  There  Is  an  apparent  loss  of  alumina  in  tbcfour  days'  digestion,  owing  to  the  laclc 
of  a  second  Beparation  ft-om  iron,  whose  quantity  is  correspondingly  increased. 
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So  far,  therefore,  as  the  time  of  digestion  is  concerned,  the  anal- 
yses of  the  Mississippi  Survey  are  strictly  comparable  with  those 
of  Arkansas  and  Kentack}^  soils,  made  by  Dr.  Peter.- 


INGREDIBKT8. 

1 

No.  OF  Days  Diqbsted. 
3                   4                   6 

10 

iDsolable  Residae  .    .    . 

78.97 

7-2.66 

71.86 

70.63 

71.79 

Soluble  SiUoa 

8.60 

11.18 

11.64 

13.80 

10.96 

Potash 

.36 

.44 

.67 

.63 

.62 

Soda 

.06 

.06 

.03 

.09 

.28 

Lime 

.26 

.29 

.28 

.27 

.27 

Magnesia 

.43 

.44 

.47 

.45 

.44 

Br.  Ox.  Manganeae     .    . 

.04 

.06 

.06 

.06 

.06 

Ferric  Ozid 

4.77 

6.01 

6.43 

6.11 

4.86 

AlomiDa    ...... 

5.15 

7.38 

7.07 

7.88 

7.16 

Phosphorio  Acid    .    .    . 

.21 

.21 

Sulphuric  Acid .    .    .     . 

.03 

.02 

.02 

.02 

.02 

Volatile  Matter  .... 

3.14 

8.14 

3.14 

3.14 

3.14 

TOTAL     

89.68 

100.68 

100.66 

100.69 

99.80 

Amount  of  Soluble  Matter 

15).67 

24.88 

26.57 

27.02 

24.87 

"        ■<       *'       Bases. 

11.05 

13.68 

13.91 

14.49 

13.68 
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Remarks  on  Glass-making.    By  Lewis  Fkdcbtwanger,  of  New 
York,  N.  Y. 

Considering  the  incalculable  benefits  which  the  discovery  of 
glass  has  rendered  to  mankind,  not  alone  for  purposes  of  daily  life 
as  an  article  of  domestic  use,  but,  I  may  say,  for  more  important 
and  higher  objects,  as  by  the  knowledge  of  glass  and  its  applica- 
tions tlie  most  accurate  observations  and  experiments  in  astronomy, 
natural  philosophy,  chemistry  and  physiology  have  been  performed, 
we  have  nevertheless  been  very  slow  in  keeping  pace  with  the  dis- 
'  coveries  and  improvements  in  other  kindred  arts  and  sciences. 
While  Pliny  and  Strabo  gave  at  an  early  period  very  accurate  ac- 
counts of  the  glass  manufacture  in  Alexandria  and  even  the  Port- 
land vase,  which  was  the  most  beautiful  specimen  of  colored  antique 
glass  and  was  found  in  a  marble  sarcophagus,  within  the  tomb  of 
Alexander  Severus,  who  died  in  the  year  235 ;  we  have  only  the 
full  description  of  the  art  of  glass-making  from  Agricola  in  1550, 
and  have  the  information  of  the  first  glass-house  in  England  in 
the  year  1557  and  that  in  Sweden  in  1641  ;  still  very  few  improve- 
ments have  been  brought  to  light, —  the  same  furnaces,  the  same 
tools,  the  same  materials  and  the  same  glory-hole  have  been  to 
this  day  retained  these  320  years :  if  we  except  the  application 
of  Siemens*  Furnaces,  which  are  intended  to  save  the  heat  of  the 
gas,  which  is  not  taken  up  In  the  reduction  of  the  glass  materials, 
while  the  chamber  under  each  end  of  the  furnace  is  so  arranged 
that  the  outer  one  receives  the  air  and  the  middle  one  mixes  and 
ignites  air  and  gas,  whereb}'  the  heat  is  saved  at  a  very  great  per- 
centage so  as  to  calculate  one  pound  of  glass  from  one  pound  of 
coal. 

The  discovery  of  LeBlanc  in  1792,  which  is  the  conversion  of 
common  salt  into  carbonate  of  soda,  is  another  improvement  of 
the  eighteenth  century.  The  application  of  glass  for  optical  pur- 
poses such  as  microscopes,  telescopes,  cameras,  etc.,  has  for  fifty 
years  past  occupied  the  unceasing  attention  of  the  greatest  phil- 
osophers of  the  nineteenth  century  without  fuUj'  overcoming  the 
many  obstacles  ;  it  arises  from  the  power  which  glass  possesses  of 
refracting  light  or  turning  it  aside  from  its  original  direction  ;  the 
property  of  decomposing  white  light  and  giving  rise  to  colors ;  for 
an  instrument  constructed  with  lead  glass  lenses  will  produce  an 
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image  of  the  heavenlj^  bodies  or  of  microscopic  objects  with  a  colored 
margin,  which  will  preclude  the  possibilit}'  of  accurate  observation. 
The  experiments  of  Faradaj',  Frauenhofer,  Utzschneider,  Guinand 
and  Bontcmps  have  been  met  with  many  difficulties  in  producing 
an  achromatic  lens,  for  tlie  simple  reason  that  the  refractory  power 
depends  upon  the  different  density  of  materials,  and  a  want  of  uni- 
formity in  the  refractive  power  of  the  glass  in  different  parts  of  the 
mass,  and  whenever  a  denser  layer  of  glass  comes  in  contact  with 
one  of  less  dense  matter  a  streak  is  produced  which  will  occasion 
distorted  images. 

In  1827,  while  a  student  in  Jena,  I  assisted  my  teacher,  Koerner, 
in  numerous  experiments  of  glass-making,  principally  for  obtaining 
achromatic  glass  of  uniform  density,  by  the  use  of  caustic  baryta, 
borax,  and  silex,  all  materials  very  carefully  prepared  for  the  fur- 
nace, keeping  the  mixture  in  fusion  for  six  days  and  allowing  it  to 
cool  slowly  for  six  days  more  before  removing  the  pot,  and  then  to 
break  the  same  so  as  to  use  the  lowest  part  of  the  mass  for  cutting 
up  into  lenses  ;  we  succeeded  but  partially.  Faraday's  report  in 
1830  speaks  of  his  borosilicate  of  lead  which  yielded  him  a  heavy 
glass  of  5*4  specific  gravity  with  a  low  dispersive  power ;  still  it 
did  not  prove  useful  for  optical  purposes  and  was  altogether  unfit 
for  the  desired  object. 

In  order  to  obtain  an  achromatic  glass  of  a  fair  standard,  the 
manufacturers  have  of  late  years  resorted  to  the  expedient  of  com- 
bining one  kind  of  glass,  which  is  called  crown  glass,  and  composed 
of  silex,  potash  and  lime,  with  another  glass  called  fiint  glass,  which 
contains  an  addition  of  sixty  per  cent,  of  oxide  of  lead,  a  combi- 
nation which  would  be  satisfactory  as  regards  the  refracting  power, 
but  the  difference  of  specific  gravity  through  the  whole  mass  has 
again  produced  the  obstacle ;  this  had  to  be  overcome  by  uniting 
numerous  and  small  selected  masses  of  glass  of  well  ascertained 
gravity  which  must  be  quite  uniform,  into  one  large  mass,  while 
still  plastic  by  pressure.  It  is  clearly  shown  that  fiint  glass  decom- 
poses light  more  distinctly,  as  regards  the  refracting  power,  than 
crown  glass,  which  contains  no  lead  ;  and  by  employing  a  concave 
lens  of  lead  glass  and  a  convex  lens  of  crown  glass,  when  combined 
their  respective  effects  upon  light  will  compensate  each  other  in 
consequence  of  the  forces  of  the  compound  lens. 

Now  all  these  remarks  prove  how  deficient  the  art  of  glass-making 
is  to  this  day,  both  in  the  production  of  achromatic  glass  as  well  as 


Digitized  by  VjOOQIC 


90  A.      MATHEMATICS,  PHT8ICS  AND   CHBMI8TBT. 

in  that  of  a  proper  and  aniform  composition.  Tlie  glass-maker  has 
not  yet  appreciated  the  atomic  theory,  which  would  teach  him  that 
certain  equivalents  are  necessary  for  the  production  of  uniform 
mass ;  he  is  behind  the  art  of  steel  manufacture,  for  which  the  spec- 
trum gives  him  the  sign  when  his  ingredients  are  chemically  com- 
bined. 


Dbsoription  op  a  Printing  Thbrmombter.    By  G.  W.  Hough,  of 

Albany,  New  York. 

During  the  past  quarter  of  a  century  numerous  mechanisms  have 
been  constructed  for  recording  automatically  the  fluctuations  of 
temperature.  The  machines  heretofore  used  for  this  purpose  may 
be  divided  into  three  classes : — 

First, — Records  made  by  a  metallic  thermometer  by  using  either 
a  single  wire  or  a  combination  of  rods. 

Second, — The  application  of  photography,  by  means  of  which 
the  height  of  the  mercury  in  the  thermometer  tube  is  photographed 
in  the  form  of  a  continuous  curve. 

Third, — Records  made  at  definite  intervals  from  a  mercury  ther- 
mometer by  the  use  of  electro-magnetism. 

The  first  method  is  capable  of  giving  approximate  results.  There 
are,  however,  serious  objections  to  its  use,  the  most  important  of 
which  is  the  impossibility  of  making  a  piece  of  metal  subjected  to 
any  work  maintain  its  zero  of  length.  To  illustrate  : — if  a  rod  of 
brass  or  steel  be  made  to  support  a  weight,  viz.,  ten  pounds  and 
at  the  same  time  be  subjected  to  heat  and  cold,  for  a  short  time, 
the  length  of  the  bar  at  a  given  temperature  will  not  be  the  same 
as  previous  to  the  experiment ;  consequently,  metallic  thermometers 
will  not  maintain  a  fixed  zero, — a  fact  observed  by  many  meteorol- 
ogists. 

Another  objection  to  the  method  of  mechanical  registration  is 
that  when  a  macliine  is  made  to  do  work,  its  indications  are  not  al- 
ways the  same.  The  force  required  to  make  a  legible  mark  seri- 
ously interferes  with  the  accuracy  of  its  results. 

Of  the  second  method,  by  means  of  photography,  it  may  only 
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be  necessary  to  state  that  the  amoant  of  attention  required  in  the 
preparation  of  the  paper,  the  developing  of  the  photographs  and 
the  measuring  up  of  the  records,  preclude  the  possibility  of  its 
general  use  by  meteorologists^  The  records  also  are  often  indis* 
tinct,  and  the  curve  is  never  sharp,  showing  that  all  minute  flue, 
tnations  are  lost. 

Of  the  third  form  of  instruments,  when  the  record  is  made  at 
definite  intervals  by  means  of  electro-magnetism,  the  zero  of  the 
thermometer,  if  of  mercury,  will  remain  fixed  and  the  records  will 
be  correct  within  certain  determinate  limits.  The  only  objection 
is,  that  changes  occurring  between  the  intervals  of  recording  are 
not  shown :  with  this  exception,  the  method  may  be  regarded  for 
general  use  as  superior  to  those  before  mentioned.  A  thermom- 
eter constructed  on  this  plan  has  been  in  operation  at  the  Dudley 
Observatory  for  the  past  three  years.  But  the  labor  required  for 
converting  the  curve  into  numerical  results  was  so  great,  that  it 
was  decided  to  construct  a  machine  that  would  give  the  height  of 
the  thermometer  hourly,  printed  with  type. 

The  thermometer  which  we  have  adopted  consists  of  a  glass  tube 
bent  in  the  form  of  a  siphon,  the  closed  leg  of  which  is  filled  with 
alcohol  and  the  open  one  with  mercury.  On  the  surface  of  the 
mercury  in  the  open  end,  there  rests  an  ivoiy  float  suspended  from 
a  delicate  balance,  having  platinum  wires  attached  to  each  end  of 
the  lever ;  when  the  column  of  mercury  in  the  thermometer  tube 
rises  or  falls  from  the  eflfect  of  temperature,  the  platinum  wires  dip 
in  small  mercury  cups  placed  underneath  them,  thereby  causing  a 
current  of  electricity  to  pass  through  one  of  two  electro-magnets 
operating  mechanism  for  giving  motion  to  a  fine  micrometer  screw. 
The  motion  of  this  screw  elevates  or  lowers  the  carriage  supporting 
the  balance,  thereby  breaking  the  circuit. 

Whenever  a  change  of  temperature  equal  to  one-tenth  of  a  de- 
gree Fahrenheit  occurs,  the  magnetic  circuit  is  completed  and  the 
screw  is  moved  a  space  equivalent  to  the  change  in  the  height  of 
the  mercury  in  the  thermometer.  By  this  method,  which  is  the 
same  in  principle  as  our  printing  barometer  described  in  1866,  no 
work  is  required  to  be  done  bj^  the  thermometer,  with  the  excep- 
tion of  supporting  one-half  the  weight  of  the  float.  The  force  re- 
quired to  establish  a  magnetic  current  does  not  exceed  two  grains, 
and  when  once  established  even  this  pressure  on  the  mercury  col- 
umn is  removed. 
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When  the  temperature  rises  or  falls  the  screw  follows  its  motion, 
at  the  same  time  the  clock-work  moves  the  type  wheels,  indicating 
the  temperature,  which  is  printed  at  the  end  of  each  hour  on  a  slip 
of  paper  moving  in  front  of  them.  A  pencil  held  against  a  revolv- 
ing drum  also  records  a  continuous  curve,  exhibiting  at  a  glance 
the  height  of  the  thermometer. 

The  machine  gives  the  temperature  to  tenths  of  degrees ;  the 
probable  error  of  an  impression  being  about  two-tenths  of  a  degree 
Fahrenheit.  The  clock-work  and  printing  mechanism  are  placed 
inside  the  building ;  the  thermometer  and  carriage  only  being  out- 
side. The  connection  between  them  is  made  by  a  fine  wire  running 
over  two  pulleys  and  attached  to  the  micrometer  screw  and  balance. 


Description  of  an  Automatic  Registering  and  Printing  Evap- 
orator AND  Rain  Gauge.      By  G.  W.  Hough,  of  Albany-, 

New  York. 

One  of  the  most  important  elements  in  the  study  of  meteoro- 
logical phenomena  has  heretofore  been  too  much  neglected.  We 
refer  to  the  evaporation  continually  taking  place  on  tlie  earth's 
surface. 

But  comparatively  few  observations  have  been  made  to  determine 
the  amount  of  water  evaporated  at  different  places  and  for  differ- 
ent conditions  of  the  surface.  Engineers,  in  estimating  the  water 
supply  for  cities,  have,  until  perhaps  quite  recently, -based  their 
estimates  entirely  on  the  amount  of  rainfall,  a  very  fallacious 
method,  since  it  will  be  apparent  to  any  one,  on  reflection,  that 
for  two  localities  of  equal  area  and  similar  surface,  the  one  covered 
with  forest  and  the  other  exposing  the  ground  uncovered,  the 
amount  of  water  which  can  be  utilized  will  be  much  greater  in  the 
former  case  than  in  the  latter.  What  ought  to  be  ascertained, 
therefore,  with  the  greatest  precision  possible,  is  the  amount  of 
the  evaporation  in  forests  and  in  the  open  country,  as  well  as  for 
different  conditions  of  the  soil. 

Although  the  rainfall  has  not  sensibly  changed  in  amount  since 
the  first  settlement  of  this  continent,  yet  it  is  well  known  that  the 
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Tolnme  of  water  in  the  brooks  and  small  streams  bas  greatly  di- 
minished. One  need  only  make  a  journey  through  the  older  states 
and  notice  the  ruins  of  former  mills  to  be  forcibly  reminded  of  the 
fact.  We  recall  to  mind  a  number  of  instances  of  brooks,  which  in 
our  lx>yhood  were  considerable  streams  for  the  whole  season,  and 
are  now  entirely  dry  during  the  greater  part  of  the  year. 

The  amount  of  water  annually  reaching  the  ocean  through  our 
great  rivers  may  not  have  sensibly  diminished,  yet  owing  to  the 
gradual  removal  of  the  forests  they  become  more  and  more  subject 
to  excessive  fluctuations  in  volume,  owing  to  the  ease  with  which 
the  rain-water,  falling  on  an  uncovered  surface,  reaches  their  chan- 
nels. 

The  agricultural  condition  of  the  country,  too,  depends  largely 
on  the  amount  of  evaporation.  A  record  of  the  rainfall  alone  is 
not  sufficient  to  determine  whether  the  conditions  for  agriculture 
were  favorable  or  otherwise.  It  is  only  when  the  two  elements, 
rainfall  and  evaporation,  are  considered  together,  that  correct  con- 
clusions can  be  reached. 

The  importance  of  the  subject  led  us  to  devise  a  mechanism  for 
recording  continuously,  in  the  form  of  a  curve,  the  amount  of  rain- 
fall and  evaporation,  and  for  printing  hourly,  to  the  one  five-hun- 
dredth of  an  inch,  the  same  quantities. 

The  discussion  of  such  records  would  enable  us  to  determine  the 
diurnal  variation  of  these  elements,  heretofore  but  approximately 
known. 

In  order  to  record  the  fall  of  snow,  and  the  evaporation  from  snow 
or  ice  in  the  winter  season,  without  changing  the  apparatus  or  mode 
of  registration,  it  was  decided  to  record  by  weight  instead  of  vol- 
ume, as  is  usually  the  practice. 

The  apparatus  consists  of  a  vessel  two  feet  square  and  one  foot 
deep,  suspended  by  means  of  one  or  more  levers,  and  held  in  equi- 
librium by  a  small  spriug  balance.  The  amount  of  change  in  weight 
of  the  mass,  either  that  due  to  the  precipitation  or  evaporation, 
will  then  be  indicated  on  the  balance. 

It  is  obvious  therefore,  that  were  a  pencil  connected  with  the  end 
of  the  weighing  lever,  it  would  trace,  on  a  suitable  revolving  drum, 
the  changes  of  weight.  But  such  a  crude  device  would  not  give 
results  sufficiently  accurate  for  ascertaining  the  hourly  evaporation. 
If,  however,  in  place  of  making  the  apparatus  do  mechanical  work 
directly,  the  lever  is  made  to  vibrate  between  two  platinum  points, 
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whenever  a  change  equivalent  to  the  weight  of  one  five-hundredth 
of  an  inch  of  water  takes  place,  it  will  touch  one  of  the  points, 
thereby  establishing  a  circuit  through  one  of  two  electro-magnets, 
operating  a  micrometer  screw  ;  since  the  force  required  to  complete 
an  electrical  circuit  between  two  plates  of  platinum  amounts  to 
only  a  few  grains,  it  is  seen  that  no  sensible  amount  of  work  is  re- 
quired of  the  apparatus. 

This  mechanism  is  now  in  process  of  construction.  When  com- 
pleted, the  vessel  for  holding  the  water  will  be  placed  on  the  roof 
of  the  Physical  Observatory  with  the  recording  apparatus  inside ; 
the  connection  between  the  two  being  secured  by  means  of  a  small 
wire  cord.  It  will  be  exposed  directly  to  the  sun  and  wind,  and 
will  give  results  from  which  maybe  determined  the  coefficients  of 
temperature,  wind,  moisture,  etc.,  affecting  the  rate  of  evaporation. 

The  amount  of  evaporation  from  soil  can  be  ascertained  by  filling 
a  suitable  vessel  with  soil  saturated  with  water,  and  recording  the 
weight  either  continuously  or  at  definite  intervals. 


On  the  Intuodoction  of  the  Metric  System  into  Medicine  and 
THE  Unification  of  Doses.  By  Harvey  W.  Wiley,  of 
Indianapolis,  Indiana. 

In  Chemistry,  the  basis  of  pharmacy,  the  work  of  introducing  the 
Metric  System  is  accomplished.  The  first  step,  therefore,  is  already 
taken,  affording  a  stronger  reason  for  the  completion  of  the  work. 

There  is  certainly  no  great  propriety  in  buying  a  kilogram  of 
potassic  bromide,  and  then  dealing  it  out  to  our  patients  in  grains 
and  drachms.  But  because  our  physicians  and  druggists  are  used 
to  grains  and  minims,  drachms  and  fluid  ounces,  these  values  must 
be  used  as  aids  to  something  better. 

For  practical  purposes  we  may  take  the  gram  as  equal  to  15*5 
grains.  It  is  easy  thus  to  change  grain  or  multiple  grain  doses 
into  tlie  metric  scale. 

Thus  - 1  gram  is  equal  to  a  grain  and  a  half,  so  that  those  medi- 
cines which  are  now  given  in  from  one  to  two  grain  doses  might  read- 
ily be  prescribed  in  doses  of  *1  gram. 
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Continuing  the  comparison, 

we  find : — 

8  grains 
4-5     " 

=  *2  gram 
=  -8      " 

6 

_  .4.      » 

7-5 

=  -5      " 

9 

=  -6      " 

10-5 

_  .7      » 

12 

=  -8      " 

13-5 

=  -9      " 

15 

r=  1        "  r 

nearly. 

Of  course  these  are  only  given  as  approximate  values,  and  they 
will  aid  us  in  estimating  how  many  grams,  or  what  part  of  a  gram 
of  any  medicine,  should  be  administered,  by  a  knowledge  of  the 
number  of  grains  which  we  have  been  in  the  habit  of  exhibiting. 
After  we  have  become  familiar  with  the  gram  quantities,  we  need 
no  longer  think  of  the  grains ;  just  as  one  who  has  a  thorough 
knowledge  of  a  foreign  language  does  not  translate  it  into  his  ver- 
nacular when  rending. 

In  regard  to  those  medicines  which  are  administered  in  a  liquid 
form,  we  can  make  similar  comparisons,  subject  to  similar  expla- 
nations. Thus  16*2318  minims  =  1  cubic  centimetre,  or  1  milli- 
litre. 


Practically  therefore : — 

4  Minims 

=  -25  Centimetres 

8 

=  -5 

12 

=  -75 

15 

=  1 

20 

=  1-25 

24 

=  1-5 

28 

=  1-75 

32 

=  2 

"  =  half  a  teaspoonftil 

36 

(t 

=  2-25 

40 

(( 

=:2o 

44 

(C 

=  2-75 

48 

C( 

=  3 

52 

(i 

=  3-25 

56 

(( 

=  3-5 

60 

u 

=  3-75 

64 

44 

=  4 

"  =  teaspoonful  =  flui 

drachm  nearly  =  60  drops. 
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Let  it  be  remembered »  however,  that  the  drop  is  as  variable  as 
the  old  system  of  measures ;  for  while  about  50  drops  of  dilute 
sulphuric  acid  are  equal  to  4cra3,  it  requires  120  of  laudanum  and 
150  of  ether  to  make  the  same  amount.  But  the  size  of  the  drop 
depends  also  upon  the  shape  and  size  of  the  orifice  through  which 
it  comes. 

These  tables  of  comparisons  might  be  continued  to  exhibit  lar- 
ger or  smaller  quantities ;  but,  just  as  the}'  are,  they  apply  to  the 
greater  number  of  medicines  administered. 

If  it  be  objected  that  druggists  would  not  know  how  to  fill  a 
prescription  in  which  grams  and  cm^s  were  employed,  it  is  suflScient 
to  say  that  they  could  easily  learn  ;  and  any  intelligent  plu'sician 
or  apothecary  in  half  an  hour  could  thoroughly  master  the  Metric 
System  and  begin  to  write  and  fill  prescriptions  in  its  symbols  to 
his  almost  unlimited  advantage. 

I  have,  however,  as  the  principal  object  of  this  paper  and  the 
especial  purpose  for  which  its  preparation  was  attempted,  to  sub- 
mit a  further  suggestion  to  the  profession  touching  the  introduc- 
tion of  the  Metric  System  in  medicine.  It  is  a  plan  for  the 
Unification  of  Doses, 

Every  practising  physician  is  painfully  aware  of  the  fact  that 
mistakes  are  daily  made  in  the  compounding  and  division  of  med- 
icines which  frequentl}'  end  in  most  diastrous  results,  and,  unless 
the  physician  himself  has  an  extraordinary  memory,  it  is  most 
difficult  for  him  to  keep  in  mind  the  proper  amount,  of  any  but 
common  remedies,  which  ought  to  be  administered. 

Especially'  is  this  true  of  young  ph3'sicians  where  the  memoiy 
is  not  fortified  by  long  experience.  The  young  physician  maj'  ea- 
sily' make  out  his  diagnosis  and  recall  the  remedy  which  is  most 
appropriate,  but  among  the  thousand  different  quantities  which 
constitute  a  dose,  he  cannot  recall  that  one  which  belongs  to  the 
remedy  he  wishes  to  use.  lie,  therefore,  either  has  to  postpone 
its  exhibition  or  guess  at  the  quantity  to  be  given  ;  in  either  case 
at  a  great  risk.  Moreover,  every  medical  student  knows  that  by 
far  the  most  difficult  part  of  the  Materia  Medica  is  that  which  re- 
lates to  quantity'.  lie  can  remember  the  source  of  the  drug,  the 
method  of  its  preparation,  its  therapeutic  action,  its  compatibles 
and  incompatibles ;  but  when  he  comes  to  the  proper  amount  for 
a  dose,  his  memory  fails  him  at  the  very  point  where  practically  he 
needs  it  most.     It  therefore  seems  evident,  that  if  any  system  can 
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be  devised  by  which  the  great  majority  of  remedies  in  common  use 
could  be  made  to  have  a  common  quantity  for  a  dose,  the  physician, 
the  apothecary  and  the  patient  would  all  be  benefited. 

In  order  that  this  happy  pharmaceutical  millennium  may  be 
brought  about,  it  is  necessary  in  the  first  place  to  establish  at 
least  two  standard  doses,  one  for  solids  and  one  for  liquids. 
This  being  done,  in  the  second  place  it  will  be  necessary  to  have 
all  solid  substances  so  prepared  that  the  standard  dose  will  be 
the  average  dose  of  that  solid  for  the  adult  patient. 

In  like  manner  the  liquid  medicine  should  be  prepared  so  that 
the  standard  dose  would  as  before  be  the  average  for  the  adult  pa- 
tient. 

Let  us  now  fix  these  standard  doses  as  follows.  (This  is  only  a 
suggestion  in  regard  to  the  standard  doses ;  it  could  be  fixed  at 
any  other  value  if  found  more  convenient.  It,  however,  fully  illus- 
trates the  principle.)  For  a  solid  let  the  standard  be  -2  gram. 
This  is  about  3  grains.  Let  quinine  be  taken  as  the  typical  solid. 
It  is  a  normal  solid.  By  this  is  meant  that  the  standard  dose,  *2 
gram,  is  the  average  dose  for  the  adult  patient. 

A  prescription  for  quinine  would  therefore  read 
H  QuinisB  sulphatis,  grams  ij  (N). 
Sig.  one  every  two  hours  till  cinchonisra  is  produced. 

(N)  signifies  that  the  solid  is  normal^  i.  e.,  the  dose  is  -2  gram  or 
three  grains.  This  signifies  that  the  apothecary  is  to  put  the  two 
grams  up  in  '2  gram  powders.  Therefore  it  is  not  necessary  to 
rewrite  it  on  the  prescription.  Suppose  however  the  physician 
should  desire  to  prescribe  powdered  opium.  In  this  case  of 
course  the  standard  dose  would  be  too  large.  It  would  be  rather 
unsafe  practice  to  exhibit  *2  gram  opium  to  a  patient  unaccus- 
tomed to  its  use.  In  order  to  meet  this,  and  similar  difflculties  in 
solids  and  liquids,  all  manufacturing  chemists  should  be  required 
by  law  to  make  only  standard  mixtures  and  solutions  or  some 
multiple  of  the  standard.  Thus  powdered  opium  thoroughly 
rubbed  up  with  three  times  its  weight  of  milk  sugar,  chalk  or  some 
other  comparatively  inert  substance  would  become  a  normal  mixt- 
ure and  should  be  put  up  in  a  bottle  labelled  (N).  The  physician 
would  therefore  write. 

H  Opii  pulveris  gram  j  (N). 
Sig.  one  at  night  before  bedtime  (etc.). 

Morphia  on  the  other  hand  should  be  most  thoroughly  trvki- 
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rated  with  seventeen  times  its  weight  of  equal  parts  of  milk  sugar 
and  challc,  in  order  to  form  a  normal  mixture;  we  could  then 
write 

R  Morphias  snlphatis,  gram,  ij  (N). 
Sig.  one  every  two  hours  till  h^'pnotic  effects  are  secured. 

In  such  cases  as  these,  the  salt  perhaps  would  be  better  made 
into  a  normal  pill  weighing  -2  gram.  All  pills  can  thus  be  readily 
reduced  to  the  standard  by  proportionate  variations  in  their  in- 
gredients. 

In  like  manner  it  would  be  exceedingly  easy  in  the  decimal  sys- 
tem to  make  all  mixtures  of  solids  in  such  proportions  as  would 
give  the  leading  ingredients  the  average  dose  in  the  standard 
dose.  The  case  of  the  compound  cathartic  pills  will  illustrate  the 
whole  series. 

Thus  these  pills  made  according  to  the  following  recipe  contain 
precisely  the  same  proportion  of  compound  extract  of  colocynth, 
calomel,  jalap  and  gamboge,  as  the  pill  formed  according  to  the 
formula  given  in  the  "  U.  S.  Dispensatory,"  but  each  pill  will  of 
course  be  standard,  i.  e.,  contain  -2  gram  which  is  a  very  little  less 
than  the  ordinary  pill. 

R  Comp.  ext.  colocynth,  grams  xij. 
Ext.  jalap. 

Calomel,  ai  grams  jx. 
Gamboge,  grams  ij. 
Mix,  make  160  pills. 

This  would  give  pills  of  the  standard  weight,  and  one  of  these 
would  be  an  ordinary  dose  for  a  mild  laxative.  Thus  we  see 
that  by  means  of  the  metric  sj'Stem,  all  prescriptions  for  solids 
may  easily  be  made  to  conform  to  the  standard  dose;  a  thing 
which  would  be  almost  impossible  under  the  present  system  of 
weights.  Again,  all  substances  which  are  given  without  mixture 
may  be  made  normal,  in  fact  can  easily  be  made  so.  In  case, 
however,  the  substance  is  of  such  a  nature  that  the  standard 
dose  is  not  sufficient  to  produce  the  required  effect,  it  should 
be  so  mixed  that  two,  or  three,  or  four,  times  the  standard  dose 
would  be  the  average  dose  for  the  adult  patient.  It  should  then 
be  labelled  (J  N)  (J  N)  (^N)  etc.,  signifying  that  the  dose  is 
twice,  three  times,  four  times,  etc.,  etc.,  the  standard. 

On  the  other  hand,  should  it  be  inconvenient  to  dilute  the  very 
active  solids,  such  as  morphia,  to  the  normal,  let  the  dilution  be  in 
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some  maltiple  of  the  normal  and  labelled  (2N)  (3N)  (4N),  etc., 
signifying  in  each  case  that  the  dose  is  one-half,  one- third,  oue- 
fourlh  the  standard. 

But  this  is,  I  hope,  suflScient  to  present  at  least  the  outlines  of 
the  proposed  plan  of  unification  as  far  at  it  applies  to  solids. 

Let  us  now  consider  the  same  problem  in  liquid  medicines.  It 
would  be  well  to  refer  here  to  the  table  of  comparison  between 
minims  and  cubic  centimetres.  From  this  it  appears  that  the 
most  convenient  standard  dose  of  a  liquid  is  4cm.^  equivalent  to 
64  minims  nearly,  or  one  fluid  drachm,  or  a  teaspoonful.  Let  us 
take  this  then  as  a  standard  dose.  The  bottles  in  which  medicines 
are  given  out  could  be  furnished  with  glass  stoppers  hollowed  out 
with  a  cup-shaped  cavity  measured  to  hold  4cm. ^  Teaspoons  are 
so  variable  in  size  that  they  are  not  always  to  be  depended  on  to 
measure  a  dose.  Of  course  as  in  the  case  of  solids  the  manufac- 
turing chemist  should  be  required  by  law  to  put  up  only  standard 
solutions  or  some  multiple  of  that  standard. 

Nothing  would  be  more  easy  than  this  and  it  is  but  right  that 
the  profession  should  be  protected  from  the  cupidity  of  manufac- 
turers which  leads  them  often  to  dilute  ofl9cinal  preparations. 
The  government  should  appoint  an  inspector  who  should  see  that 
every  liquid  medicine  exposed  for  sale  is  normal,  i.  e.,  that  a  dose 
of  4cm.3  contains  the  average  dose  of  the  active  principle  in  the 
liquid  for  the  adult  patient.  In  the  case  of  laudanum,  for  instance, 
it  is  well  known  that  when  the  crude  opium  is  high  the  tincture  is 
weak  so  that  the  physician  is  safe  in  prescribing  twice  as  many 
drops  when  opium  is  twenty  dollars  per  pound  as  he  does  when 
it  is  ten.  Let  us  suppose,  however,  that  we  have  some  laudanum 
of  ordinary  strength  of  which  16  minims  contain  one  grain  of 
opium. 

How  now  are  we  to  standardize  this  solution  in  order  to  apply 
the  principle  of  unification  ?  The  standard  dose  which  we  have 
assumed  is  4cm.3  or  about  64  minims.  Hence  if  we  dilute  the 
laudanum  with  four  times  its  bulk  of  water  or  mint  water  the  solu- 
tion becomes  normal  and  then  we  may  write 

R  Tine,  opii  1  decilitre  (lOOcm.3)  (N). 
Sig.  4cm.^  (a  teaspoonful)  before  bedtime  or  until  soporific  effects 
are  produced. 

Here  4cm.3  represents  1  grain  of  the  crude  opium  or  nearly  so. 
Again,  the  common  ofiScinal  aromatic  dilute  sulphuric  acid,  diluted 
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with  six  times  its  bulk  of  water  or  mint  water,  becomes  normal 
and  we  write 

R  Siilph.  acid  dil.  aromat.  decilitre  j  (N). 
Sig.  dose  every  three  hours. 

(N)  signifies  alwaj's  that  Aem^  is  tlie  dose  for  the  adult  patient. 
Should  it  be  desirable  to  administer  quinine  with  the  above  acid 
the  prescription  can  be  varied  thus : 

R  Aromat.  sulph.  acid,  decilitre  j  (N), 
Quinise  sulphatis,  grams  v. 
Mix.  Sig.  dose  every  two  hours  until  cinchonism  is  produced. 

Since  the  five  grains  of  quinine  dissolved  in  the  acid  would  not  in- 
crease its  bulk  appreciably,  this  increase  is  practically  neglected 
(1  decilitre  is  3^  fluid  ounces  nearly).  Again,  the  ordinary  dilate 
phosphoric  acid  by  the  addition  of  one-half  its  bulk  of  water  or 
mint  water  becomes  normal  and,  as  before,  we  write 

H:  Phos.  acid,  dil.  decilitre  j  (N). 
Sig.  every  four  hours. 

Or  if  it  be  desirable  to  give  strychnia  in  the  phosphoric  acid, 
H  Phos.  acid,  dil,  decilitre  j  (N), 
Strychnia,  -04  grm.. 
Mix.  Sig.  every  four  hours.  • 

VVc  thus  administer  about  yfjj  gr.  strychnine  at  each  dose,  etc. 
It  is  not  worth  while  to  multiply  examples.  I  hope  that  I  have 
made  my  idea  clear ;  that  at  least  this  paper  may  direct  the  mind 
of  the  profession  to  the  merits  of  the  metric  system  which  is  certain 
sooner  or  later  to  reform  the  nomenclature  of  remedial  quantities. 

If  it  be  urged  in  objection  to  the  foregoing  suggestions  that  there 
would  be  great  difficulty  in  making  and  keeping  these  normal  so- 
lutions, it  will  be  sufficient  in  reply  to  call  attention  to  the  fact  of 
their  very  general  introduction  into  the  science  of  quantitative  chem- 
ical analysis  within  the  last  few  years.  The  analyst  has  found  his 
work  greatly  lessened  and  calculations  simplified  by  their  use.  I 
can  safely  affirm  that  every  practical  analyst  who  has  ever  made 
use  of  these  normal  solutions  will  cheerfull}'  bear  witness  to  the 
beauty  and  simplicity  of  the  modes  of  analysis  into  which  they 
enter.  With  a  burette,  a  pipette  and  litre  flask  it  is  possible  to 
make  analyses  which  would  require  by  the  gravimetric  method 
extensive  and  costly  apparatus.  I  can  easily  see  how  in  like 
degree  the  physician  and  apothecary,  would  be  benefited  by  the 
use  of  normal  remedies,  and  the  consequent  unification  of  doses. 
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Another  objection,  which  it  is  well  to  anticipate,  will  be  urged 
against  the  normal  remedies  when  it  is  desirable  that  several  of 
them  be  exhibited  together.  As  each  one  of  the  constituents  of 
the  mixture  requires  a  dose  of  icm^,  or  *2  gram,  it  may  be  said  that 
four  or  five  of  them  together  would  inflict  upon  the  patient  a  dose 
of  enormous  proportions ;  but  in  the  case  of  mixtures  it  does  not 
follow  at  all  that  each  ingredient  of  the  compound  must  furnish 
its  standard  dose  to  the  general  dose.  On  the  contrary,  it  is  quite 
possible  that  a  standard  dose  of  the  compound  containing  one- 
half,  one-third,  or  one-fourth,  etc.,  the  standard  of  each  ingredient, 
according  to  the  whole  number  entering  into  the  mixture,  would 
he  the  proper  amount  to  be  given  at  once.  To  the  thoughtful  and 
competent  practitioner  it  will  not  seem  extravagant  to  say  that  a 
prescription  containing  half  a  dozen  or  more  ingredients  serves 
ofLener  to  show  the  egotism  and  pedantry  of  the  doctor  and  to 
bother  the  druggist  than  to  benefit  the  patient. 

When,  however,  it  becomes  necessary,  as  is  often  the  case,  that 
remedies  be  exhibited  together,  they  may  easily  be  prepared  from 
the  standard  mixture  and  normal  solutions,  and  the  dose  regulated 
accordingly. 

If,  for  instance,  it  were  desirable  to  administer  balsam  of  tolu, 
laudanum  and  syrup  of  squills  together,  the  prescription  could  be 
made  as  follows — 

H     Balsam  Tolu  (N), 

Laudanum  " 

Syrup  of  Squills        "     ^  ^  decilitre. 
Sig.  every  four  hours. 

The  same  reasoning  will  apply  in  the  case  of  solids,  so  that  the 
whole  subject  of  mixtures  becomes  a  simple  problem  of  ratios, 
which  can  be  altered  at  pleasure.  In  the  above  mixture  the  pro- 
portion of  either  ingredient  could  be  changed,  taking  care  only 
that  the  whole  should  amount  to  a  decilitre. 

But  finally  it  may  be  said  that  the  druggist  should  keep  not 
only  the  normal  drugs,  but  also  keep  them  in  their  ordinary 
forms.  The  physician  could  then  have  his  mixtures  made  by  the 
apothecary  as  in  the  case  of  stryclinine  and  morphine  already 
given,  only  taking  care  that  the  medicines  when  finally  ready 
should  be  of  such  a  constitution  as  to  be  given  in  the  standard 
dose.  In  the  case  of  children  or  very  weak  patients  where  the 
standard  dose  is  too  large,  it  will  only  be  necessary  to  write  after 
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the  (N)  at  the  end  of  the  prescription  a  fraction  denoting  what 
part  of  the  standard  dose  is  to  be  given.  Thus,  R  Laudanum 
(N)t*(x  or  -rty(N)  would  show  that  only  one-tenth  of  the  standard 
dose  was  to  be  given.  In  the  case  of  solids  i-(N)  would  direct  the 
druggist  to  put  up  in  •!  gram  doses,  etc.  With  the  proposed 
changes  unifying  the  doses  of  medicine  it  would  be  almost  im- 
possible for  forgetful  or  careless  nurses  to  disregard  the  directions 
of  the  physicians.  By  the  present  system  where  often  three  or 
four  different  remedies  are  administered  from  different  bottles 
during  a  single  day,  it  is  not  at  all  strange  that  the  nurse  should 
become  confused  and  do  everything  wrong.  Every  one  can  see 
how  the  possibility  of  such  mistakes  would  be  removed  by  the 
Unification  of  Doses. 


CrcLomsM  and   Anticyclonism.    By  Pliny  Earle    Chase,   of 
Philadelphia,  Penn. 

By  cyclonism,  I  mean  that  the  current  of  air  at  the  point  of" 
observation  is  cyclonic,  or  curves  towards  the  left. ;  by  anticyclo- 
nism, that  it  curves  towards  the  right.  By  a  cjxlonic  or  anti- 
cyclonic  storm,  I  mean  a  region  of  precipitation  where  cyclonism 
or  anticyclonism,  as  here  defined,  exists. 

Of  course  in  a  typical  Espy-storm,  modified  b}'  the  earth's  rota- 
tion, there  is  cyclonism  toward  the  centre,  and  anticyclonism 
toward  the  circumference.  But  such  a  storm  can  never  occur 
until  there  has  been  precipitation  enough  to  produce  a  local,  par- 
tial vacuum,  and  consequent  indrauglit.  It  is  desirable,  in  weather 
forecasts,  to  anticipate,  if  possible,  the  formation  of  the  storm  cen- 
tres on  the  probable  lines  of  prospective  precipitation. 

Such  lines^  which  are  more  common  than  simple  centres,  may  be 
straight,  cyclonic,  anticyclonic,  or  mixed,  according  as  the  origi- 
nating pressure  is  direct,  or  modified  by  rotation  in  flowing  toward 
a  centre,  from  a  centre,  or  in  the  areas  of  conflicting  vortices  ;  the 
vortices  being  either  both  cyclonic,  both  anticyclonic,  or  one  cy- 
clonic and  the  other  anticyclonic. 
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The  weather  maps  of  the  Signal  Service  Bureau  show  that  a 
large  proportion  of  the  American  rainfalls  and  snow-storms  move 
so  nearly  in  straight  lines,  that  it  is  difficult  to  classify  them  as 
either  cj'clonic  or  anticyclonic. 

One  of  the  best  illustrations  I  have  seen  of  synchronous  cyclo- 
nic and  anticyclonic  storms  is  afforded  by  the  following  observa- 
tions, taken  from  the  morning  map  for  Mai*ch  22,  1872  : — 


Stations. 

Wind. 

Weather. 

Barometer. 

Nashville. 

E. 

Snow. 

30-32 

Cairo. 

S.E. 

(( 

30-22 

St.  Louis. 

(( 

(( 

80-11 

Keokuk. 

s. 

(( 

80-05 

Davenport. 

(( 

it 

80-14 

Milwaukee. 

s.w. 

Cloud. 

30-10 

Escanaba. 

0. 

Snow. 

30-09 

Marquette. 

S.E. 

(C 

No  report. 

Duluth. 

N.E. 

u 

29-76 

Memphis. 

E. 

C( 

30-19 

Shreveport. 

N.W. 

Rain. 

30-04 

Vicksburg. 

E. 

a 

30-01 

The  storm  was  therefore  anticyclonic  at  Nashville,  Cairo,  St. 
Louis,  Keokuk,  Davenport,  with  two  C3'clonic  branches  ;  one  pass- 
ing through  Milwaukee,  Escanaba,  Marquette  and  Duluth,  the 
other,  through  Memphis,  Shreveport  and  Vicksburg.  A  slight  new 
.  centre  of  pressure  was  formed  by  the  meeting  of  vortices  near 
Davenport. 
The  frequency  of  anticyclonism  appears  to  be 

Greatest  in  fair  weather.  Least  in  storms. 

"         "  winter.  "     "  summer. 

"         "  snow-storms.  "     "  showers. 

"     near  highlands.  "  near  water. 

"     in  upper  currents.  "  in  lower  currents. 

"     "  the  country.  "  "  cities. 

Greatest  near  anticyc.  streams.  Least  near  cyclonic  streams. 
From  a  careful  examination  of  thirty-eight  thoirsand,  five  hun- 
dred and  eighty-two  observations,  extending  over  a  period  of  two 
years,  from  July  16, 1871,  to  July  15,  1873,  both  inclusive,  I  have 
deduced  the  following  comparative  tables  of  cyclonisra  (C),  doubt 
(D)  and  anticyclonism  (A),  in  each  season  of  the  year : — 
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Fair. 

Cloud. 

Bain. 

Snow. 

C. 

D.       A. 

C.       D.       A. 

C. 

D. 

A. 

C. 

D. 

A. 

Spring     .    . 

1104 

2371    2296 

1017    1415     851 

273 

234 

98 

124 

lU 

51 

Siunmer  .    . 

1447 

2679    2406 

909     975      607 

177 

160 

48 

Autumn  •    . 

104S 

2433    2009 

956    1221      794 

228 

215 

97 

57 

50 

19 

Winter     .    . 

846 

2398    1597 

1185    1765    1108 

155 

173 

74 

257 

277 

153 

Year    .    .    . 

4529 

9676    8310 

4067    5376    S360 

833 

782 

817 

438 

471 

233 

The  percentages  of  cj'clonism  and  anticjclonism  are  given  in 
the  following  table : — 


Fair. 

Cloud. 

Bain. 

Snow.    Total. 

C.  A. 

C.  A. 

C.  A. 

C.  A.     C.  A. 

Spring 

34    66 

54    46 

74    26 

71    29 

44    66 

Summer 

38    62 

60    40 

79    21 

45    56 

Autnmn 

34    66 

55    45 

70    80 

75    25 

44    66 

Winter 

35    65 

52    48 

68    32 

63    37 

45    65 

Tear 

35    65 

55    45 

72    28 

66    84 

45    55 

The  uniformity  of  the  total  ratios  and  their  accordance  with  the 
general  prevalence  of  anticyclonism,  which  was  shown  by  Coffin's 
"Results  of  Meteorological  Observations,"  seem  to  indicate  the 
approximate  accuracy  of  the  detailed  estimates.  The  amounts  of 
cyclonism  in  fair  weather,  and  of  anticyclonism  in  cloudy  and 
stormy  weather,  appear  to  be  much  greater  than  meteorologists 
have  generally  supposed. 
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A  Chord  op  "Spheral  Music."  By  Pliny  Earlb  Chase,  of 
Philadelphia,  Penn. 

In  various  communications  to  the  American  Philosophical  Soci- 
ety, I  have  pointed  out  simple  harmonic  relations  between  planet- 
ary distances,  which  seem  to  indicate  a  tendency  to  cosmical 
aggregation  at  harmonic  nodes,  in  vibrating  elastic  medium. 

In  a  paper,  read  on  the  second  of  May  last,  I  introduced  the  har- 
monic series,  J,  -/j,  ^y,  i/^,  ^f^ ,  of  which  the  unit  is  the  earth's 
mean  radius  vector.  Finding  representatives  for  the  other  terms, 
I  stated  that  the  term  /^  represents  ^^  a  possible  unknown  planet, 
planetoid  group,  or  other  seat  of  solar  and  planetary  perturbation." 
By  Kepler's  law  the  cyclical  period  of  such  a  perturbation  would  be 
about  51  days.  I  also  suggested  that  Wolfs  sun-spot  period  of 
27  days  "  might  be  readily  explained  by  the  perturbations  and 
transits  of  a  planetoid  or  meteoric  group,  at  a  distance  which 
would  complete  the  terrestrial  harmonic  series." 

Professor  Winlock  kindly  allowed  me  to  examine  the  measure- 
ments of  the  sun's  spotted  area,  at  the  observatory  of  Harvard 
University.  They  indicated  such  a  periodicity  as  I  was  looking 
for,  but  as  the  observations  covered  a  period  of  less  than  five 
months,  I  did  not  regard  them  as  conclusive. 

I  subsequently  found  in  "  Nature  "  of  Julj^  17th,  an  abstract  of 
a  communication  to  the  Royal  Society  on  June  19th  by  Messrs.  De 
La  Rue,  Stewart  and  Loewy,  who  find  evidences  of  a  tendency  in 
sun-spots  ^^  to  change  alternately  from  the  north,  or  positive,  to 
the  south,  or  negative,  hemisphere  and  vice  versa^**  and  "  that  the 
two  outbreaks  are  at  opposite  ends  of  the  same  solar  diameter.'' 
Their  inferences  are  drawn  from  observations  taken  in  three 
different  years  and  covering  an  aggregate  period  of  407  days. 
Their  lowest  approximate  estimate  of  the  mean  interval  be- 
tween two  maxima  in  the  same  solar  hemisphere  is  22*25  days; 
the  highest,  28  daj's ;  "the  most  probable  mean  value,  25*2 
days."  The  interval  between  two  maxima  of  the  same  sign  and 
originating  at  the  same  axial  extremity  would,  of  course,  be  twice 
as  great. 

Herschel  (following  Bianchi  and  Laugier),  Sporer,  Carrington 
and  Faye,  gives  estimates  of  the  sun's  sidereal  rotations  varying 
between  24-62  and  25-33  days.  The  evidence,  therefore,  seems 
conclusive,  both  of  a  cycle  due  to  solar  rotation,  and  of  another, 
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due  to  some  disturbing  influence  which  revolves  Around  the  sun  in 
a  period  approximately  to  two  rotations. 

The  half-periods,  being  all  made  sidereal,  and  the  corresponding 
mean  distances,  compare  as  follows  : — 


oporer,  •  •  •  •  • 
Carrington,  .... 
Faye,         ..... 

Wolf, 

De  La  Rue,  Stewart  and  Loewy, 
Herschel,  Bianchi  and  Laugier,  ' 
Harmonic  prediction, 


Days. 

Distance. 

24-62 

•263 

24-97 

•265 

2507 

•266 

25-14 

•267 

25-20 

•267 

25-32 

•268 

25-51 

•269 

A  Stroke  of  Lightning,  with  hints  as  to  Immunity.  By  James 
Hyatt,  of  Stanford ville,  N.  Y. 

The  house  of  Mrs.  Hallock,  in  Dutchess  County,  N.  Y.,  was  last 
summer  "  struck  "  by  lightning,  notwithstanding  that  each  of  sOme 
Iialf  dozen  chimneys  (all  there  were)  had  a  branch  rod  attached, 
connecting  with  rods  along  the  ridge  and  descending  by  three 
separate  mains  into  the  ground.  Fortunately  but  little  damage 
was  done,  some  short  bits  of  clapboard  were  cast  off  and  a  few 
splinters ;  but  there  was  a  vast  amount  of  fright,  and  some  of 
the  inmates  narrowly  escaped  with  their  lives. 

Under  the  house  is  a  well,  connected  by  a  large  lead  pipe  with 
the  pump  in  the  kitchen.  About  five  feet  from  this  pump  was  the 
kitchen  stove,  with  the  usual  iron  funnel  leading  into  a  chimney, 
on  which  was  one  of  the  branching  rods. 

The  sou,  then  at  home,  an  intelligent  young  man,  was  standing 
a  foot  or  two  only,  aside  from  a  direct  line  between  the  stove  and 
the  pump  aforesaid,  and  a  "  farm  hand"  was  near  by.  At  the 
instant  of  the  electric  coup,  this  son  was  overthrown  by  the  mere 
physical  force  of  the  discharge,  though  entirely  untouched  by  the 
electricity.  He  describes  the  sensorial  impression  as  similar  to 
that  of  the  discharge  of  a  piece  of  light  ordnance,  with  the  appear- 
ance before  his  eyes,  as  he  expressed  it,  of  a  *'  large  ball  of  fire." 
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The  tin  leaders,  which  descended  perpendicularly,  at  several  of 
the  corners  of  the  house,  reached  to  within,  perhaps,  a  foot  of  the 
ground.  This  ground,  on  which  the  house  stands,  is  a  dry,  grav- 
elly knoll  of  slight  elevation,  s&y  about  six  or  eight  feet  above 
the  average  level  of  the  adjacent  land.  The  three  lightning  rods 
descended  into  this  dry  gravel  a  few  leet  only,  being  practically 
insulated  from  the  general  body  of  water  in  the  earth.  At  the 
lower  termination  of  those  perpendicular  tin  leaders,  there  was 
some  slight  splintering  of  the  adjoining  wood-work.  At  one  place, 
where  the  course  of  the  electricity  was  across  a  space  of  a  foot  or 
more  between  two  ^f  these  leaders,  some  small  nails  were  thrown 
out  from  the  wood-work,  in  which  they  were  embedded,  as  was 
shown  by  the  hole  which  they  left,  which  was  also  slightly  splin- 
tered. 

Having  been  consulted  with  by  Mr.  Hallock,  the  father,  for  some 
years  now  deceased,  in  reference  to  the  protection  of  his  house  from 
lightning,  I  advised  him,  by  all  means«  to  connect  his  rods  all  well 
together,  and  to  extend  them,  with  sufficient  size  of  metal,  to  the 
bottom  of  the  well.  This  had  been  neglected ;  although  Mr.  H. 
had  informed  bis  family,  before  his  death,  apparently  with  some 
misgivings  as  to  his  failure  to  comply,  that  I  had  so  advised  him. 

It  was  quite  evident,  that  the  main  force  of  the  electric  discharge 
bad,  in  this  case,  taken  its  course  away  from  the  lightning  rods, 
across  the  kitchen,  from  the  stove  to  the  pump,  and  so  on  to  the 
well,  as  I  had  anticipated. 

In  common  with  all  students  of  the  electric  force,  I  consider  that 
no  safety  is  to  be  had  from  the  effects  of  lightning,  but  in  the 
perfect  connection  of  the  rods  altogether,  and  the  extension  of  the 
conductors,  for  many  feet  into  the  general  mass  of  water  which  lies 
at  or  below  the  surface  of  the  earth. 

While  I  do  not  imagine  that  any  such  extensive  metallic  con- 
nection with  the  water  is  necessary,  as  one  hundred  square  feet, 
which  has  been  spoken  of  as  required,  still  it  is  well  to  err,  if  at 
all,  on  the  side  of  safety.  With  a  protection,  in  addition,  of  every 
projecting  portion  of  the  house,  by  means  of  a  branch  rod,  I  have 
no  doubt  that  a  building  may  be  about  as  safe  from  electric  dis- 
charges, as  it  is  from  floods,  when  placed  on  an  immovable  founda- 
tion, above  any  possible  rise  of  water. 

Subsequent  to  the  occurrence,  here  narrated,  I  personally  and 
carefully  examined  the  premises.    The  case  may  be  instructive. 
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An  Attachment  to  the  Whirling  Table  for  projecting  Lissa- 
jou's  Cdrve3.     By  A.  E.  Dolbear,  of  Bethany,  W.  Va. 

The  costliness  of  the  usual  apparatus  for  the  projection  of 
Lissajou's  Curves  has  led  me  to  devise  a  method  for  accomplishing 
the  same  results  in  a  comparatively  inexpensive  way,  which  proves 
in  other  ways  to  be  superior  to  the  method  with  vibrating  forks. 

It  consists  of  the  following  attachment  to  the  Whirling  Table. 

Two  posts  p  and  p'  are  made  fast  to  the  frame  upon  the  oppo- 
site ends  of  the  inertia  plate  a.     A  small  wooden  pulley  «,  about 


an  inch  in  diameter,  is  made  to  turn  upon  an  axis  that  is  made  fast 
in  the  post  p,  and  with  such  adjustment  that  the  pulley  rests  upon 
the  plate  a  and  turns  by  friction  on  that  plate.  It  is  best  to  have 
a  thin  india  rubber  ring  upon  the  friction 
pulley  to  insure  it  from  slipping.  Above  the 
pulley  the  mirror  m  is  so  mounted  as  to  swing 
in  azimuth  and  is  made  to  do  this  by  a  wire 
fastened  to  it  at  its  hinge  and  bent  into  a 
loop  I  at  its  lower  end,  which  is  opposite  the 
face  of  the  pulley  8,  Another  twist  in  the 
wire  at  o  will  be  needed,  for  a  pin  which  is 
fast  in  the  post  p;  this  will  make  a  lever  of 
the  wire  /,  with  the  fulcrum  at  o,  and  if  it  is  properly  fastened 
to  the  hinge  of  the  mirror  will  cause  it  to  vibrate  in  a  horizontal 
plane  when  the  plate  a  revolves. 
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A  somewhat  similar  arrangement  is  made  for  the  other  side, 
save  that  the  friction  pulley  8*  has  its  bearing  made  fast  in  a  sep- 
arate piece  c,  which  is  so  fastened  to  the  end  of  a  long  screw  d  that 
the  whole  fixture  can  be  moved  to  or  from  the  centre  of  the  plate 
a.  The  piece  c  is  furnished  with  two'guides  which  keep  it  steady 
in  any  place  where  it  is  put.  The  mirror  m'  is  made  to  tilt  in  a 
perpendicular  plane  by  an  arrangement  quite  similar  to  tlie  former 
one,  save  that  the  wire  connection  has  its  lower  end  bent  into  a 
horizontal  loop  through  which  a  pin  in  the  face  of  the  pulley  s*  is 
thnist.  This  is  practically  an  excentric  and,  being  directlj'  fastened 
to  the  hinge  of  the  mirror  m',  gives  to  it  an  angular  motion  pro- 
portional to  the  distance  of  the  pulley  face  pin  from  the  centre. 
The  mirrors  should  be  not  less  than  two  inches  square.  If  then 
the  pin  is  an  eighth  of  an  inch  from  the  centre  of  the  friction  pul- 
leys, they  will  have  ample  angular  motion ;  much  larger  than  can 
ever  be  got  from  forks. 

Experiments. 

It  is  evident  that  if  the  two  friction  pulleys  have  equal  diameters 
and  they  are  at  equal  distances  from  the  centre  of  the  plate  a,  they 
will  vibrate  in  unison  in  their  respective  planes.  Now  let  a  beam 
of  light  r,  from  the  porte  lumiere,  fall  upon  the  mirror  m  at  such 
an  angle  as  to  be  reflected  first  upon  the  mirror  m',  thence  to  the 
screen.  If  the  plate  a  is  now  revolved  the  beam  of  light  will  de- 
scribe a  circle,  an  ellipse  or  a  straight  line,  either  of  which  can  be 
made  at  will  by  simply  adjusting  the  crank  of  one  of  the  mirrors 
to  the  required  angle.  Thus,  suppose  the  mirror  m'  is  tipped  back 
its  farthest  by  bringing  the  pulley  pin  at  the  top,  as  indicated  in 
the  drawing,  at  the  same  time  that  the  mirror  m  is  at  its  maximum 
angular  deviation.     The  beam  of  light  will  describe  a  circle. 

if  it  moves  slowly  the  path  and  direction  of  the  moving  beam 
can  be  nicely  observed.  These  two  advantages  are  not  to  be  had 
with  forks ;  for,  first,  it  is  accidental  if  one  gets  a  circle  or  any 
other  desired  resultant  figures  from  forks  in  unison,  for  the  obvious 
reason  that  the  phases  cannot  be  regulated,  and  second,  the  vibra- 
tions of  the  forks  are  so  rapid  that  the  analysis  of  the  motion  can 
only  be  made  in  a  mechanico-mathematical  way. 

By  moving  the  fixtures  on  the  left  side  toward  the  centre  of  the 
plate  a,  the  pulley  a'  will  not  revolve  so  fast.  If  moved  half-way 
it  will  make  one  revolution  while  the  other  makes  two,  and  the 
vibrations  stand  in  the  ratio  1 :  2  represented  by  forks  in  octave. 
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Such  ratio  is  shown  upon  the  screen  by  a  form  very  much  like  the 
figure  8,  and  known  as  the  lemniscate. 

Between  these  two  places  every  musical  ratio  in  the  octave  can 
be  got  and  tlie  resultant  motions  projected  in  tlieir  proper  curves. 
More  than  that,  tohile  the  min-ora  are  both  vibrating^  any  of  the 
ratios  desired  can  be  moved  to  at  once  by  merely  turning  the 
thumb  screw  d,  which  is  wholly  impossible  with  any  forks  which 
require  stoppage  and  adjustment  of  lugs  for  each  different  curve. 

Again,  if  the  fixture  c  is  moved  still  farther  toward  the  centre 
than  half-way,  the  curves  projected  will  be  those  belonging  to  the 
second  octave,  until  the  pulley  reaches  three- fourths  of  the  way, 
when  the  ratio  will  be  1 :  4  and  the  resultant  figure  will  be  like  a 
much  flattened  double  8. 

If  one  would  show  the  phenomenon  of  beats  it  will  be  necessary 
to  have  the  mirror  m  and  its  attachment  so  adjusted  as  to  have  it 
vibrate  in  a  perpendicular  plane  like  m'.  This  can  be  done  by  fix- 
ing its  hinge  at  right  angles  and  Ihe  rest  the  same  as  for  mirror 
m'.  The  reflected  beam  from  the  second  minor  may  be  received 
upon  a  large  mirror  held  in  the  hands  and  thence  reflected  upon 
the  wall  or  screen.  All  the  phenomena  of  vibrations  that  can  be 
shown  by  forks  can  be  reproduced  on  a  scale  that  is  not  approached 
by  means  of  them,  by  any  one  possessing  a  turning  table,  and  at 
less  than  the  fifth  of  their  cost. 


On  THE  Convertibility  of  Sound  into  Electricity.  By  A.  E. 
DoLBEAR,  of  Bethany,  W.  Va. 
I  have  found  by  experiment  that  if  a  vibrating  tuning  fork 
has  its  stem  applied  to  the  face  of  a  thermo-electric  pile,  which 
is  in  circuit  with  a  delicate  galvanometer,  the  needle  will  be  de- 
flected, showing  that  electricity  has  been  developed  in  the  pile. 
The  question  is  as  to  its  immediate  origin.  It  may  be  asserted 
that  the  vibrations  of  the  fork  are  competent  to  develop  heat, 
which,  in  its  turn,  is  converted  into  electricity,  so  that  its  appear- 
ance is  a  secondary  phenomenon.  To  this  explanation  counte- 
nance is  given  by  the  expenment  of  Professor  Henry,  who  found 
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that  the  deadening  effect  of  a  rubber  cushion,  when  the  stem  of  a 
vibrating  fork  was  put  upon  it,  was  due  to  the  fact  that  the  vibra- 
tions were  converted  into  heat.  Bat  the  vibrations  are  not  no- 
ticeably deadened  in  the  former  case,  and  the  junction  of  the 
metals  is  subject  to  definite  and  measurable  vibrations. 

The  antecedent  to  the  production  of  electricity  is  the  contact, 
either  mediate  or  immediate,  of  substances,  which  differ  in  compo- 
sition or  in  condition,  and  if  electricity  is  a  mode  of  motion  it 
ought  to  appear  whenever  a  motion  may  be  set  up  at  such  point 
of  contact  as  mutually  to  disturb  the  molecules  of  the  differently 
constituted  matter.  That  the  vibrations  of  the  fork  are  compe- 
tent to  do  this  without  necessarily  giving  rise  to  the  phenomenon 
of  heat  may  fairly  be  inferred,  I  think  ;  so  that,  a  priori^  one  should 
look  for  electric  phenomena  from  such  a  combination  of  favorable 
conditions.  At  any  rate  it  will  hardly  be  asserted  by  any  one, 
that  because  the  electricity  is  generated  in  the  thermopile  its  im- 
mediate cause  must  be  heat«  I  do  not  know  that  it  has  ever  been 
proved  that  heat  motion  was  the  only  kind  of  motion  that  was 
capable  of  direct  conversion  into  electricity  in  the  so-called  ther- 
mo-pile.  It  is  probable  that  the  more  general  statement  is  true, 
namely,  that  molecular  disturbance  at  the  junction  of  dissimilar 
metals  will  give  rise  to  electricity. 

We  know  that  the  molecular  disturbance  called  heat  will  give 
rise  to  it,  and  it  is  not  improbable  that  the  disturbance,  caused  by 
a  regularly  vibrating  tuning  fork,  may  do  the  same  thing  directly. 
My  experiment  does  not  prove  that  such  is  the  case,  but  it  hints 
at  it,  and  I  offer  these  considerations  to  meet  the  objections  of 
some  who  take  it  for  granted  that  it  cannot  be  true  that  sound 
vibrations  are  really  converted  into  electricity,  except  in  an  in- 
direct way.  This  is  capable  of  verification  I  do  not  doubt,  but 
I  have  not  had  time  to  apply  the  experimentum  crucis,  as  the  idea 
did  not  occur  to  me  until  a  day  or  two  ago,  and  I  bring  it  to  the 
Association  as  an  interesting  experiment,  whatever  its  rationale 
may  be. 
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The  "  Tornadoes  "  of  Illinois.    By  M.  L.  Comstock,  of  Gales- 
barg,  III. 

The  "  tornadoes  "  which  occur  in  different  parts  of  the  United 
States  are  so  remarkable  in  their  sudden  rise,  and  in  their  de- 
structive effects,  as  well  to  deserve  the  most  careful  observation 
and  study ;  not,  perhaps,  with  any  well  founded  hope  of  averting 
them,  but  that  their  occurrence  may  be  foreseen  a  few  hours,  and 
places  of  safety  secured  by  persons  in  danger. 

Very  severe,  if  not  the  roost  remarkable  of  their  class,  are  the 
*'  tornadoes  "  that  visit  Illinois.  I  do  not  propose  to  theorize  very 
much  in  this  paper,  but  I  shall,  in  a  simple  manner,  state  such  facts 
as  have  fallen  under  my  own  observation.  My  notes  will  refer  to 
two  storms  which  occurred  May  3,  1868,  and  May  22, 1873. 

The  first  of  these  visited  a  village  called  Shanghai  situated  14 
miles  northwest  of  Galesburg.  The  length  of  the  track  in  which 
serious  damage  was  done  fell  short  of  five  miles,  with  a  width  of 
half  a  mile.  Shanghai  occupied  the  middle  of  this  line,  and  the 
centre  of  the  storm  passed  within  the  limits  of  the  village.  A  few 
days  after  the  storm,  I  visited  the  locality,  and  examined  care- 
fully a  tract  of  land  one  and  a  half  miles  long  and  half  a  mile  in 
width.  I  found  everything  levelled  to  the  groand — churches, 
dwellings,  fences,  trees — though  as  the  place  was  upon  a  prairie 
there  were  no  forest  trees,  except  a  few  transplanted  ones  of  dimin- 
utive size.  The  course  of  the  storm  through  the  village  was  N. 
70°  E. ;  before  reaching  it,  N.  80°  E. ;  after  leaving  it,  N.  60°  E. 

South  of  the  central  track,  buildings  were  moved  north ;  some 
of  them  N.  20°  W.,  or  even  N.  25°  W.,  appearing  in  many  cases  to 
have  been  carried  perpendicularly  to  the  central  line  of  the  storm. 
Trees  near  this  line  had  been  thrown  toward  the  northeast  and 
fences  had  been  carried  in  the  same  direction.  A  new  board  fence 
with  green  white  oak  posts  stood  directly  across  the  line  of  the  tor- 
nado. This  was  left  standing,  except  a  few  rods  near  the  central 
line.  Straw  and  dirt  were  blown  only  against  the  west  side  of 
this  fence  and  the  rubbish  was  packed  into  the  angle  between  the 
post  and  boards  as  if  driven  violently  from  the  southwest.  North 
of  the  central  line,  buildings  were  moved  south  and  east  of  south. 
The  trees  of  an  orchard  were  thrown  down  to  the  south  almost 
exactly  ;  and  upon  carefully  examining  the  fence  before  mentioned 
the  rubbish  was  found  to  be  packed  in  the  angles  from  the  north- 
west. 
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There  was  no  evidence  of  a  whirl  anywhere.  It  seemed  as  if 
there  bad  been  a  travelling  point,  toward  which  the  air  rushed  with 
great  velocity  from  various  directions,  but  especially  from  the 
sides.  Objects  were  thus  swept  toward  the  central  track,  then  up- 
ward by  ascending  currents,  then  forward  by  the  moving  body  of 
the  storm.  The  disturbance  did  not  extend  far  from  the  centre, 
and  the  rate  at  which  it  was  propagated  did  not  differ  much  from 
the  progressive  motion  of  the  storm ;  hence  the  disturbance  in 
front  of  the  storm  was  slight  until  it  burst  with  its  full  force. 
South  of  the  central  track  I  found  nothing  blown  south  of  the 
point  from  which  it  started,  and  north  of  the  same  line  nothing 
north  of  its  starting  point. 

Such  results  would  hardly  have  been  possible  if  there  had  been 
a  whirlwind,  especially  if  the  whirl  had  occupied  several  rods  in 
width ;  for  the  front  of  the  storm  would  carry  objects  in  one  di- 
rection, and  the  rear  in  exactly  the  opposite  direction.  Trees 
partly  uprooted  would  be  twisted  around  and  thrown  out  by  the 
roots,  and  in  some  cases  certainly  must  have  left  signs  of  these 
different  movements.  I  made  this  the  special  object  of  my  search, 
for  persons  who  were  in  the  ''tornado*'  had  affirmed  that  there  was 
a  whirlwind,  but  I  could  not  find  the  least  evidence  of  any  such 
action.  Again,  if  the  whirl  had  occupied  only  a  point,  or  a  very 
small  space  upon  the  surface  of  the  earth,  objects  along  the  line 
of  its  travel  would,  no  doubt,  have  been  twisted,  but  there  was  no 
appearance  of  the  kind.  True,  I  found  evidence  of  a  change  in 
the  direction  of  the  wind  in  some  places,  and  more  evidently  near 
the  central  track.  One  church  was  moved  from  its  foundation  N. 
10®  W.,  but  the  ruins  were  carried  N.  45°  E.  This  church  was 
south  of  and  near  the  central  track.  Twenty-five  rods  farther 
south  another  church  was  blown  down,  the  sills  moving  seven  feet 
north,  and  two  feet  east,  while  the  debris  was  carried  northeast. 
At  equal  distances  north  and  south  of  the  central  track,  the  lines 
of  direction  of  the  wind  made  equal  angles  with  that  track,  and 
changed  so  as  to  become  more  nearly  parallel  with  ic  as  the  storm 
advanced. 

As  to  general  facts :  the  morning  of  the  day  had  been  showery, 
becoming  very  warm.  The  latter  part  of  the  day  was  sultry,  the 
atmosphere  being  near  the  dew-point.  The  clouds  formed  and 
moved  rapidly.  The  thunder  and  lightning  were  not  remarkable 
for  this  country. 
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The  storm  of  Ma}'  22,  1873,  passed  through  Warren  and  Fiilton 
counties,  twent}'  miles  south  of  Galesburg.  There  had  been  a 
heavy  rain  in  the  morning  in  this  part  of  the  country ;  the  day 
was  suitry ;  the  atmosphere  near  the  dew-point.  But  the  move- 
ment of  tiie  storm  was  not  as  rapid  as  that  of  1868,  and  it  was 
much  more  extensive  in  its  sweep.  ,  The  exhibition  of  electricity 
was  not  remarkable.  After  striking  the  surface  of  the  earth,  in 
going  east  six  miles  it  went  south  half  a  mile;  then  east  four 
miles,  south  three-fourths  of  a  mile ;  then  east  four  miles,  south 
one-fourth  ;  then  east  three,  south  one ;  then  east  one,  south  one  ; 
it  then  appeared  to  rise,  passing  over  a  body  of  woods  and  the 
valley  of  Spoon  River,  striking  the  earth  again  and  pursuing  the 
same  general  direction.  The  cloud  accompanj'ing  this  storm  was 
quite  extensive  (another  *'tornado"  having  burst  from  it  near 
Washington,  Iowa,  seventy-five  miles  northwest),  but  its  destruc- 
tive effects  were  apparent  upon  a  strip  not  more  than  half  a  mile 
wide.  Every  house  near  the  central  track  was  destroyed  or  nearly 
so.  One  frame  house  was  unroofed,  and  everything  movable  car- 
ried out  of  the  upper  story  ;  the  second  floor  was  sprung  upward 
and  curtains  from  below  drawn  through  the  openings  made  between 
the  ceiling  and  side  walls.  Here  there  seemed  to  be  a  strong  up- 
ward current,  though  the  effects  named  may  have  been  produced 
by  an  horizontal  current  across  the  open  top  of  the  house.  Apple 
trees  a  foot  in  diameter  were  carried  from  an  adjoining  orchard 
three-fourths  of  a  mile.  The  roof  of  the  house,  the  barn  and 
other  buildings  were  carried  north  toward  the  central  track,  which 
was  about  ten  rods  distant.  So  on  the  north  side  of  the  track, 
buildings  and  trees  were  thrown  in  a  southerly  direction.  Thus, 
the  general  lines  of  direction  were  toward  the  central  track ;  and 
on  the  central  track,  as  nearly  as  I  could  determine,  objects  were 
carried  in  the  direction  in  which  the  storm  travelled.  One  neigh- 
borhood exhibited  singular  results.  On  the  north  side  of  tlie 
central  track,  just  where  the  storm  began  to  move  one  mile  south 
in  three  miles  east,  a  dwelling  standing  on  high  ground  was  de- 
molished, the  timbers,  furniture,  etc.,  being  literally  broken  to 
pieces  and  carried  N.  80°  W.,  while  the  large  trees  of  an  orchard 
standing  northwest  of  the  house,  and  prostrated  after  it,  as  shown 
by  the  relative  position  of  scattered  objects,  were  uniformly  thrown 
S.  80°  W.  Other  buildings  not  far  distant,  but  all  on  the  north 
side  of  the  central  track,  were  thrown  toward  the  west.     This  is 
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the  only  place  at  which  I  could  find  the  least  evidence  of  a  whirl- 
wind ;  and  it  may  be  that  this  was  but  the  first  meeting  of  the 
storm  with  a  body  of  cold  air  flowing  from  the  woods  of  Spoon 
River,  which  finally  diverted  the  tornado  from  its  direct  course 
and  caused  it  to  rise  from  the  surface  of  the  earth.  South  of  the 
central  track  and  opposite  this  last  mentioned  dwelling  the  cur- 
rents of  wind  seemed  to  bear  the  same  general  relation  to  the 
central  track  as  was  observed  commonly. 

I  present  these,  then,  as  two  specimens  of  Illinois  storms,  hoping 
that  the  facts  may  add  somewhat  to  the  data  b}'  the  aid  of  which 
some  philosopher  will  yet  explain  all  the  secret  workings  of  these 
wonderful  phenomena. 


New  Theory  op  Gkyser- action  as  illustrated  by  an  Artificial 
Geyser.     By  Edmund  Andrews,  of  Chicago,  111. 

BuNSEN  suggested  the  following  theory  of  the  action  of  gej^sers 
which,  in  default  of  any  better,  has  been  generally  adopted,  viz. : — 

The  volcanic  rocks  of  regions  where  ge3'8ers  exist  must  nec- 
essarily contain  caverns  and  passages  capacious  enough  to  hold 
and  transmit  the  fluids  which  they  eject  at  intervals  from  their  ori- 
fices. Now  the  deep  vertical  well,  from  which  the  jet  issues,  must 
be  subjected  to  constant  heat  from  the  surrounding  rocks.  The 
water  in  this  pit  will  boil  at  a  higher  temperature  in  its  lower,  than 
in  its  upper  portions,  because  of  the  greater  pressure  in  the  deep 
parts.  Now,  when  the  whole  column  has  by  the  heat  of  the  rocks 
been  brought  nearly  to  the  boiling  point,  if  a  jet  or  belch  of  steam 
from  some  superheated  cavern  rush  into  the  lower  part  of  the  pit, 
and  lift  the  whole  column  of  water  a  few  feet,  the  upper  portion 
will  flow  off  and  the  whole  column  be  made  shorter  by  the  exact 
amount  of  the  uplift.  All  portions  of  the  column  being  nearly  at 
the  boiling  point  before,  they  will,  on  this  relief  from  pressure,  break 
into  sudden  ebullition.  The  uprush  of  so  large  a  volume  of  steam, 
intimately  mingled  with  the  water,  would  carry  up  a  mass  of  foam 
and  spray,  which  might  for  a  few  moments  mount  high  into  the 
air,  thus  causing  an  eruption. 
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Prof.  Tyndall  illustrated  Bunsen's  idea  by  the  use  of  a  vertical 
iron  tube  six  feet  in  iengtli  and  supplied  with  water.  A  fire,  ap- 
plied around  tlie  central  portion  of  this  tube,  caused  it  to  eject  its 
minorled  steam  and  water  at  regular  intervals. 

This  explanation  is  interesting,  and  probably  the  force  referred 
to  in  it  acts  to  some  extent  in  modifying  geyser-phenomena,  but, 
from  the  description  given  by  eye-witnesses  of  the  eruption  of  the 
great  ge3'sers  of  the  Yellowstone  River,  the  main  principle  must 
be  something  different. 

On  Bunsen's  theory  the  eruption  ought  not  to  consist  of  clear 
water,  but  of  an  intimate  mixture  of  steam  and  water ;  in  other 
words,  of  foam  and  spray.  But  Major  Barlow  of  the  Corps  of 
Engineers  of  the  U.  S.  Army,  who  was  sent  to  examine  the  gey- 
sers of  the  Yellowstone,  asserts  that  they  throw  a  great  stream  of 


Fig.  1.  Natiinil  Gevfeeis:  S,  Supply  channel;  U,  H,  Region  of  hcaited  rocks;  C,  Cav- 
ern; O,  Oiitlei;  G,  (Jeyser;  P,  I'oiul  to  which  ihe  water  in  the  supply  chnnncl  is  forced 
down  ilui'ing  eruption. 

clear  water  which,  in  some  springs,  maintains  itself  steadily  without 
mixture  of  foam  for  nearly  half  an  hour  at  each  eruption,  while  the 
steam  escapes  at  the  close  as  if  released  from  a  cavity.  Further- 
more, on  Bunsen's  theory  the  eruption  ought  to  be  very  brief,  for 
the  steam  formed  by  the  ebullition  in  the  pit  would  escape  in  a 
very  few  moments,  and  the  heat  consumed  by  its  formation  would 
as  speedily  reduce  the  remaining  water  to  a  temperature  where  the 
boiling  would  cease. 
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It  would  seem  that  the  following  explanation  would  much  bet- 
ter account  for  the  phenomena  as  observed  by  Maj.  Barlow,  and  I 
find  that  an  artificial  apparatus  reproduces  them  with  great  fidelity. 

As  the  cooler  waters  of  the  surrounding  country  make  their  way 
into  and  through  the  caverns  of  the  region  of  heated  rocks,  it 
will  sometimes  happen  that  the  channel  of  supply  will  enter  a 
cavern  at  a  point  higher  than  that  where  the  channel  of  exit  leaves 
it.  If  now  this  channel  of  supply  has,  like  many  other  subterra- 
neous watercourses,  some  portion  of  its  course  much  lower  than  the 
point  of  its  entry  into  the  cavern,  we  have  all  the  main  conditions 
necessary  for  a  geyser.  Let  Fig.  1,  p.  116,  represent  these  con- 
ditions. 


Fig.S.    Artificial  Geyser  seen  in  Section.    R,  Reservoir;  S,  Supply  pipe;  C,  Boiler 
representing  cavero;  L,  Spirit  lamp  or  other  supply  of  heat;  O,  Discharge  pipe. 

Suppose  now  that  the  whole  of  the  caverns  and  passages  aie  full 
of  water.  The  heat  of  the  rocks  H,  H,  in  which  the  cavern  is 
situated,  aided  perhaps  by  superheated  water  and  steam  forced  up 
through  crevices  from  deeper  volcanic  sources,  will  soon  cause  the 
water  in  the  cavern  C  to  boil.  The  pressure  of  the  steam  accu- 
mulating in  the  top  of  the  cavity  will  resist  the  further  influx  of 
cool  water  from  the  supply  channel  S  and  perhaps  force  it  back 
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down  the  channel  to  a  point  P  where  the  hydrostatic  pressure  of 
the  column  S  resists  further  progress  of  the  stream  in  that  direc- 
tion. Meantime  the  steam  accumulates  more  and  more  in  the  top 
of  the  cavern  and  by  its  rapidly -increasing  pressure  forces  out  the 
water  through  the  channel  of  exit  O,  producing  the  jet  G  in  the  ex- 
ternal air.  As  long  as  the  level  of  the  water  in  the  cavern  is  above 
the  orifice  of  exit,  the  jet  will  consist  only  of  clear  water,  but  when 
the  cavern  is  emptied  down  to  the  level  of  the  outlet  pipe,  the 
steam  escapes  with  violence  and  relieves  the  cavern  of  its  pressure. 
The  cool  water  of  the  supply  channel,  po  longer  meeting  any  re- 
sistance, rushes  in,  cools  the  chamber  and  fills  it,  after  which 
another  eruption  will  occur  as  soon  as  the  water  is  heated  to  the 
boiling  point. 

I  have  constructed  several  artificial  geysers  on  this  principle  and 
find  that  they  are  perfectly  automatic  and  produce  their  eruptions 
with  great  regularity.  Fig.  2  illustrates  the  plan  of  their  con- 
struction. 

Tliese  artificial  geysers  are  very  satisfactory  in  the  fact  that  they 
throw  a  stream  of  clear  water,  which  like  that  of  the  natural  ones, 
is  sustained  for  a  considerable  period  and  is  followed  by  a  gush  of 
steam  at  the  close.  It  would  seem  probable,  therefore,  that  they 
illustrate  the  mechanism  of  the  great  geysers  of  the  Yellowstone 
Park  better  than  the  form  suggested  by  Bunsen. 


The  Arctic  Regions  : —  The  Arctic  Basin  ;  The  Arctic  Ocean  ; 
Its  Outlets  and  Inlets;  Its  Currents  and  the  Gulf 
Stream  ;  Fog  and  Ice- blink  ;  Climate  of  the  Arctic 
Rkgions  ;  The  Story  of  Spikks  and  other  Evidence, 
considered  with  Reference  to  the  Atmospheric  Theory 
OF  an  Open  Sea  and  an  Ameliorated  Climate.  By 
William  W.  Wheildon,  of  Concord,  Mass. 

No  portion  of  the  globe  is  of  so  much  present  interest  lo  phys- 
ical geography,  and  to  science  generally,  as  the  Arctic  Regions ; 
and  it  is  remarkable  how  continually,  from  a  very  early  period  in 


Digitized  by  VjOOQIC 


A.      MATHEMATICS,   PHYSICS    AMD   CHEMISTRT.  119 

the  history  of  navigation  and  discovery,  attention  has  been  direct- 
ed to,  and  an  interest  maintained  in,  these  remote  regions ;  the 
most  uncongenial  in  themselves,  the  most  repelling  to  human  pur- 
suit and  yet  so  attractive  that  men  of  rank  and  position  have  been 
unable  to  resist  the  desire  of  making  themselves  more  "notable" 
by  some  fortunate  discovery  or  success  in  them.  In  no  other  part 
of  the  earth  have  so  much  hazardous  enterprise,  indomitable  perse- 
verance and  enduring  labor  been  brought  out,  prompted  and  in- 
spired as  these  have  been  by  the  prospects  of  trade,  the  pursuits  of 
science  and  the  promptings  of  humanity.  This  is  so  true  that  at 
the  present  time,  when  science  is  ardent  and  earnest  in  its  desire 
of  arriving  at  knowledge  and  truth  in  regard  to  these  regions,  there 
is  in  the  community  a  seeming  unwillingness  to  encourage  further 
exploration  and  ex|)osure  of  life  in  those  cold  and  icy  desolations. 
Every  proposition  for  further  effort  seems  to  send  a  chill  through 
the  sensitive  blood  of  the  civilized  world  and  the  question  is  often 
asked.  Of  what  use  are  a  further  exposure  and  waste  of  human 
life  in  this  perilous  pursuit ?i 

Yet  the  demands  of  science  on  one  hand,  and  that  longing  curi- 
osity among  the  unscientific,  who  have  of  late  years  read  and  heard 
80  much  to  excite  their  attention  concerning  these  occult  regions, 
on  the  other,  seem  to  justify  each  new  effort  to  reach  the  impen- 
etralia  of  the  Arctic  circle.  So  much  has  been  said  in  this  behalf 
by  scientific  men  and  others  that,  in  this  place  at  least,  no  word 
need  to  be  added  and  no  justification  of  past  or  present  efforts  is 
required.  It  is  no  new  thing  for  scientific  men  to  assume  great 
risks  when  there  is  an  object  to  be  gained,  nor  yet  to  permit  ap- 
prehension or  fear  to  defeat  a  high  purpose.     All  that  we  know  is 

^The  actual  Iosb  of  life  in  the  Arctic  regions,  among  explorers,  is  known  to  have 
been  relatively  very  am.all.  the  denlhs  less  than  in  the  same  number  of  persons  at  home. 
Mr.  Simraunds  says,  "Out  often  searching  vessels  in  three  years,  including  Americans, 
but  one  man  dltd,  nor  did  any  casually  occurlo  the  ships  or  their  sledging  pnities; 
indeed  not  more  than  twenty  deaths  in  the  present  century  out  of  fifteen  hundred  men 
employed  and  not  half  of  the  twenty  attributed  to  climate  or  perils  encountered."  In 
a  perilous  voyage  of  four  years,  the  Investigator  lost  one  officer  and  five  men  out  of  a 
crew  of  sixly-five.  There  were  one  hundred  and  thirty-eight  officers  and  men  lost  in 
the  Franklin  expedition — a  much  smaller  number  of  lives  than  have  been  lost  in  some 
of  the  disasters  on  the  Atlantic  ocean. 

Smce  the  above  lines  were  written,  In  view  of  the  recent  Polaris  expedition  and  Its 
results,  a  new  Interest  has  been  excited  in  the  pui)lic  mind;  a  feeling  of  competition 
seems  to  have  arisen  between  the  United  Statos  and  England  a«  to  which  of  the  two 
peoples  shall  accomplish  the  desired  object  of  reacliing  the  central  portions  of  the 
Arctic  ocean.  In  both  countries  new  expeditions  are  suggested  and  urged  upon  the 
respective  gorei-nmentB. 
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the  reward  of  labor  and  more  or  less  of  danger.  In  medicine  and 
surgery,  in  chemistry  and  engineering,  ardent  men  have  put  their 
lives  in  hazard  for  science  or  for  humanity,  and  in  mining  and  the 
ordinary  navigation  of  the  sen,  risks  are  assumed  mainly  for  pe- 
cuniary benefits  which  it  sometimes  seems  not  easy  to  jnslifv. 

In  tlie  various  and  continued  attempts  to  explore  tlie  interior  of 
Africa  we  see  the  indomitable  spirit  and  enterprise  of  man,  prompt- 
ed by  a  worthy  ambition  to  become  a  discoverer  in  geography,  his- 
tory or  science,  sometimes  rewarded  by  a  drear  and  lonely  grave, 
hardly  less  fearful  than  that  which  terminated  the  efforts  of  Sir 
John  Franklin  and  his  brave  companions.  There  is  nothing  that 
can  be  suggested  in  the  way  of  adventure  or  exploration,  which 
promises  a  pecuniary  reward,  that  will  not  find  individuals  ready 
to  undertake  it ;  and  there  are  those  devoted  to  scientific  pursuits, 
as  ardently  disposed,  as  daring  and  it  may  be  as  uncompromising 
in  their  undertakings. 

The  early  attempts  to  reach  the  Arctic  regions  were  made  in  the 
very  infancy  of  navigation,  and  have  been  continued  to  the  pres- 
ent time  almost  without  interruption  by  the  different  maritime 
nations,  keeping  pace  with  the  progress  of  naval  architecture,  nav- 
igation and  science ;  and  it  is  almost  true  to  say,  success  has  been 
in  proportion  to  the  means  emploj'ed. 

Arctic  Basin  :  —  The  late  Prof.  Henry  D.  Rogers,  in  his  Phys- 
ical Atlas  published  in  Edinburgh,  includes  in  the  Arctic  basin 
(•'equivalent  to  the  Arctic  Regions")  all  those  wide  circumjacent 
lands  which  empty  their  drainage  into  the  great  polar  sea,  and  de- 
scribes the  region  as  follows  : 

**The  Siberian  division  of  this  enormous  region  of  converging 
and  rotating  waters  includes  the  great  rivers  Obi,  Yenessi  and 
Lena,  and  extends  southward  to  latitude  50°,  taking  in  all  northern 
Asia  from  the  Urals  to  the  sea  of  Okhotsk,  while  the  North  Amer- 
ican portion  embraces  the  vast  basins  of  the  Mackenzie,  Sas- 
katchewan and  Hudson's  Bay,  and  reaches  quite  as  far  southward. 
Viewing  Greenland  and  the  countries  bordering  Behring  Strait  as 
portions  of  the  Arctic  regions,  it  will  be  seen  to  include  all  the 
lands,  excepting  northern  Europe,  which  lie  between  the  pole  and 
the  circle  of  50°  north  latitude.  The  broad  zone  of  land  thus 
bounded  and  draining  into  the  polar  sea  has  an  area  of  about 
five  million  square  miles.     The  river  systems  of  the  Obi,  Yenessi 
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Lena  and  Kolyma,  in  Asia,  with  those  of  the  Mackenzie  and 
Saskatchewan,  in  America,  alone  cover  a  surface  of  more  than 
8,200,000  square  miles  or  equal  to  that  of  all  Europe.  " 

Another  writer  speaks  of  the  Arctic  Basin  as  including  six  mil- 
lions of  square  miles,  surrounded  by  an  ice-barrier  and  receiving 
the  waters  of  more  than  3,500,000  square  miles  of  land.  The 
polar  sea,  Prof.  Rogers  says,  has  an  approximately  circular  line 
coinciding  roughly  with  the  parallel  of  73°  north  latitude.  This 
would  give  to  the  sea  a  diameter  of  more  than  two  thousand  miles : 
four  hundred  miles  wider  than  the  Atlantic  ocean  between  New- 
foundland and  the  coast  of  Ireland.  Capt.  Barrow  considers  the 
polar  sea  as  a  circle,  on  the  latitude  of  TO'',  of  two  thousand  four 
hundred  geographical  miles  in  diameter  and  seven  thousand  two 
hundred  miles  in  circumference  ;  and  regards  the  talk,  at  one  time 
common,  about  its  being  exhausted  by  southerly  currents,  as  abso- 
lute nonsense :  since  that  time  some  theorists  have  poured  both 
oceans  into  the  Arctic  ocean,  without  much  reason  for  either. 

The  Arctic  Ocean. —  The  great  mystery  of  the  Arctic  regions 
is  still  in  the  Arctic  ocean,  the  interior  of  which  is  yet  to  be 
reached ;  and  so  long  as  it  remains  unknown  it  will  be  the  sub- 
ject of  speculation  and  assertion,  based  it  may  be  to  some  ex- 
tent npon  what  we  know  of  its  approaches  and  its  borders.  It  is 
taken  for  granted  that  it  must  be  peculiar  and  different  from  the 
other  oceans,  and  the  opinion  has  heretofore  prevailed  that  it  is 
completely  frozen  over  for  the  whole  or  at  least  a  portion  of  the 
year, —  which  can  hardly  be  the  case  if  subject  to  a  tidal  wave, 
even  if  the  winds  and  storms  do  not  keep  it  from  freezing — to  say 
nothing  of  an  ameliorated  climate  or  other  external  influences. 
But  aside  from  these  it  seems  improbable,  as  we  have  heretofore 
shown,  that  so  large  a  body  of  water  can  be  frozen  over.  Lake 
Superior  (fresh  water)  is  never  wholly  frozen  over,  nor  is  the  well- 
known  "  north  water  "  of  the  whalers,  in  Baffin's  Bay  ;2  and  it  is 
said  by  a  distinguished  astronomer,  thot  ^^  were  the  ocean  covered 
by  a  substance  of  moderate  thickness,  say  of  ice,  the  reaction 
of  the  water,  caused  by  pressure  from  being  drawn  up  into  a  tem- 
porary heap  by  the  attraction  of  the  moon  passing  over  it,  would 

*  Hatbs.—  '*  The  lltUe  sea  at  the  hearl  of  Baffin's  Bny,  the  north  water  of  the  whalers, 
although  but  eighty  thousand  square  mllod  in  superfluial  area,  is  never  entirely  frozen 
over,  eTen  during  the  severest  weather." 
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be  80  powerful  as  to  break  it  up  into  innumerable  pieces.'*^  What- 
ever else  may  be  said  of  the  Arctic  ocean,  it  will  hardly  do  here- 
after to  speak  of  it  otherwise  than  as  an  open  sea. 

This  vast  ocean  is  spoken  of  in  the  quotation  which  we  have 
given,  as  "an  enormous  region  of  converging  and  rotating  waters," 
terms  which  are  not  applied  to  any  other  ocean  and  intended  no 
doubt,  by  the  writer,  to  be  descriptive  of  this  according  to  his  in- 
formation on  the  subject.  The  region  of  the  polar  sea  within 
which  is  included  the  theoretic  axis  of  the  earth,  owing  to  the  flat- 
tening of  the  surface  and  the  slower  diurnal  motion,  is  peculiar  in 
these  respects,  and  is  subject  of  course  to  the  severity  of  the  cli- 
mate by  reason  of  the  absence  of  the  sun.  So  far  r.s  the  waters 
of  the  great  rivers  which  have  been  mentioned,  or  waters  from 
either  of  the  great  oceans,  flow  into  it,  they  may  be  said  to  be 
*'  converging ;"  but  that  its  waters  are  "  rotating  "  in  a  peculiar 
manner,  so  as  absolutely  to  form  a  rotating  ocean  in  itself,  irre- 
spective of  and  independent  of  the  rotation  of  the  earth,  seems 
to  be  an  assumption  not  authorized  b}'  anything  that  we  know,  and 
in  fact  essentially  opposed  to  all  accepted  information  on  the  sub- 
ject. It  seems  to  be  supposed  that  because  this  ocean  surrounds, 
so  to  speak,  or  includes  the  position  of  the  theoretic  pole,  it  must 
therefore  revolve  around  that  object  as  it  has  come  to  be  regarded : 
an  American  writer  recently  suggested  that  Capt.  Hall  would  be 
able  "  to  set  his  foot  upon  the  pole  itself,"  and  Capt.  Barrow  once 
said  that  on  "  his  plan  a  month  would  enable  the  explorer  to  put 
his  foot  on  the  point  or  pivot  of  the  axis  on  which  the  globe  of  the 
earth  turns."  [Simmonds,  p.  105.]  Nevertheless,  it  is  to  be  pre- 
sumed that  the  Arctic  ocean  has  its  tides  and  currents,  both  of 
which  have  been  observed,  as  other  oceans  have,  and  possibly  re- 
sembles them  in  other  respects. 

Its  Outlets  and  Inlets  : —  "  This  sea, "  continues  Prof.  Rogers, 
"  has  really  but  two  outlets  into  the  general  ocean  of  the  globe, 
one  of  which,  Behring  Strait,  is  less  than  thirty  miles  wide,  and, 
what  is  of  more  consequence,  is  very  shallow,  having  less  than 
twenty- five  fathoms  of  water  in  its  deepest  channel.  As  an  open- 
ing,  therefore,  it  is  almoct  null ;  so  that  the  polar  sea,  on  this  side, 
is  virtually  land-locked.     The  other  much  wider,  deeper  outlet  is 

*  Rolph  Falb,  editor  of  <'  Sirius,"  published  at  Gratz  in  Scyrla. 
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partially  blocked  by  an  immense  belt  of  clifflined  islands,  from 
Iceland  to  the  Parry  Group,  the  largest  being  Greenland." 

The  Professor,  proceeding  with  the  subject  of  "Configuration," 
adds: — 

''The  sole  practicable  inlet  to  the  polar  sea  is  the  wide  channel 
between  Spitzbergen  or  Iceland  and  the  northwest  coast  of  Europe. 
This  is  the  broad  highway  for  the  northeast  branch  of  the  Gulf 
Stream." 

Behri ng  Strait  Prof.  Rogers  first  includes  as  one  of  the  ''really 
but  two  outlets,"  then  rejects  it  as  an  "opening  almost  null ;"  and, 
finally,  in  the  same  paper  speaks  of  it  as  the  inlet  of  "a  sort  of 
second  gulf  stream  ♦  ♦  *  prolonged  from  the  Japanese  current," 
and  assisting  in  the  rotating  process  already  considered^. 

"Thus  enforced,"  Prof.  Rogers  continues,  "it  [the  Gulf  Stream] 
washes  the  Arctic  coast  of  America,  where  it  preserves  a  lane  of 
open  water  between  the  ice-pack  and  the  shore,  the  greater  part  of 
the  way  from  this  inlet  [Behring  Strait]  to  the  Parry  Islands ; 
there  it  streams  through  the  great  channels  of  this  archipelago  and 
clogs  them  with  its  vast  drift  of  ice,  until  it  finally  works  its  way 
out  into  the  Atlantic  through  Bafi9n's  Bay  and  northward  round 
Greenland,  chilling  as  it  flows  southwestward  all  the  northern  part 
of  America  with  ice-cold  and  ice-laden  waters." 

We  do  not  know  that  the  whole  or  any  part  of  this  statement, 
excepting  for  the  favor  it  may  receive  from  the  public,  demands 
any  consideration  beyond  what  we  have  given  it  upon  the  general 
subject  of  the  Gulf  Stream.  By  it  an  enormous  work  is  put  upon 
the  assumed  northeast  prolongation  of  that  stream,  pouring  its 
heated  waters  around  Nova  Zembla,  sweeping  around  the  Arctic 
ocean,  "softening  the  boreal  climates  of  Norway  and  Siberia," 
and  with  the  aid  of  the  Japanese  current  making  its  way  into 
BafiSn's  Bay,  etc.,  all  of  which  needs  confirmation.  To  say  the 
very  least  of  it  that  can  be  said,  there  is  no  satisfactory  evidence 
of  the  prolongation  of  the  Gulf  Stream  around  Nova  Zembla; 
none  of  its  ameliorating  the  climates  of  Norway  or  Siberia ;  none 
that  it  is  enforced  by  the  Behring  Strait  current ;  and  in  fact  no 
evidence  whatever  that  any  portion  of  its  waters,  in  this  direction 

*Prof.  Davidson,  of  the  U.  S.  Coast  Survey,  does  not  think  much  of  the  Japanese 
current  for  cleariug  a  way  to  the  pole,  Behring  Strait  being  only  tweuty-iive  mUea 
wide,  with  an  average  depth  of  only  twenty-flve  fathoms,  and  the  rate  of  the  current 
flowing  through  it  being  from  a  half  to  three  knots  per  hour.'  [Amer.  Ed.  Monthly, 
February,  1873.] 
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or  Any  other,  reaches  the  Arctic  ocean.  And  if  this  last,  which 
has  been  so  frequently  asserted  and  still  repeated,  could  be  shown, 
there  are  no  reasonable  grounds  of  belief  that  its  waters  would 
retain  force  enough  and  heat  enough  for  the  purposes  required. 
As  to  the  velocity  of  the  current  or  drift,  there  is  but  little  evi- 
dence of  any  kind  :  what  there  is  gives  it  a  trifle  over  three  miles 
per  hour,  at  a  point  more  than  fifteen  hundred  miles  from  the  pole. 
As  to  the  heat  of  water,  Lieut.  Maury's  statement  is  that  "a  cu- 
bic foot  of  water  which  leaves  the  Straits  of  Florida  at  a  temper- 
ature of  85^,  on  arriving  at  the  frozen  regions  through  the  Gulf 
Stream,  does  no  longer  measure  a  cubic  foot.  It  will  have  wasted 
away  [  ?]  by  the  way  of  contraction  caused  by  a  change  in  the 
temperature  of  some  fifty  or  sixty  degrees."  So  that  the  Gulf 
Stream  water  reduced  to  25**  (below  the  freezing  point  of  salt  wa- 
ter) would  hardly  answer  Capt.  Bent's  purposes  of  assaulting  the 
ice-girdle  if  it  could  reach  it,  whatever  it  might  do  for  the  other 
parties. 

Besides  all  this  the  parties  who  advocate  the  Gulf  Stream  theory 
do  not  agree  upon  any  plan  ;  one  or  two  of  them  pour  the  heated 
waters  around  Nova  Zembla,  without  showing  how  they  reach  the 
enclosed  polar  sea ;  one  or  two  of  them  sink  the  warm  waters  in 
the  Spitzbergen  sea  and  pass  the  current  under  the  ice-barrier,  and 
another  part}',  represented  by  Capt.  Bent,  uses  the  heated  waters 
to  assault  the  ice- belt  and  open  a  gateway  for  themselves.^  It  is 
in  vain,  we  presume,  to  expect  these  authorities  to  agree  upon  any 
theor}'  as  to  the  prolongation  of  the  Gulf  Stream  ;  nor  do  any  of 
them  show  that  there  is  any  necessity  for  the  waters  of  the  Gulf 
Stream  in  the  Arctic  ocean  or  for  such  a  use  of  them.  So  far  as 
yet  appears,  the  Spitzbergen  sea,  from  Nova  Zembla  to  Greenland, 
18  an  outlet  of  the  Arctic  ocean  and  not  an  inlet  as  Prof.  Rogers 
states.  Failing  in  this  particular,  the  whole  theory,  so  fully  set 
forth  by  him,  fails  also ;  and  it  remains  only  to  be  said,  respecting 

*Sinoe  thie  writing  one  of  the  leading  newspapers  of  ttits  country  which  has  always 
fkrored  the  Gulf  Stream  theory,  in  one  of  its  forms  published  the  following  paragraph 
in  its  editorial  columns: 

**So  far  no  researches  have  explained  the  absence  of  the  Gulf  Stream  inflttence  in  the 
scene  of  Mr.  Leigh  Sroitli's  recent  voyage  [in  the  neighborhood  of  Spitsbergen],  and 
it  U  hard  to  explain  it.  The  body  of  warm  water  drifted  [  ?]  into  the  polar  basin  by 
this  Atlantic  current  must  be  many  times  as  large  as  the  Behring  Strait  current.  What 
becomes  of  the  former?  Is  it  lost  in  the  mid  Arctic  ocean,  or  is  it  diverted,  as  Dr. 
Petermaun  and  others  contend,'  over  toward  the  Siberian  seas  ?'*  [N.  Y.  Herald  edito- 
rials, Oct.  20, 1873] .    The  error  is  in  the  postulate  which  is  assumed. 
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outlets  and  inlets  of  the  Arctic  ocean,  that  all  of  them  are  meas- 
arablj'  if  not  entirely  outlets ;  and  are  absolutely  required  as  such 
by  the  conditions  of  the  ocean,  its  rivers,  its  rainfall  and  its  vast 
water-sheds. 

Its  Currents  : — It  will  be  observed  thnt  upon  the  statement  of 
Prof.  Rogers  the  general  movement  of  the  waters  of  the  Arctic 
ocean  is  to  the  eastward.  It  seems  to  us  that  the  whole  amount  of 
evidence  is  against  this  statement.  Dr.  Kane  has  very  truly  said 
that  "currents  in  the  ice-flows  is  a  complicated  problem."  One 
writer  and  advocate  of  the  Gulf  Stream  under  current  theory,  in 
speaking  of  Scoresby's  discovery  of  warm  water  below  the  surface, 
says,  ^^Be  this  as  it  may^  the  cwrent  of  the  Siberian  coast  is  west- 
ward  and  a  continuation  of  this  floio  is  formed  in  the  great  polar 
drift  of  the  Greenland  and  Spitzbergen  seas" 

The  polar  current,  always  running  westerly  and  southerly,  is 
well  known  to  all  navigators  of  the  north  Atlantic  and  Spitzber- 
gen seas,  if  not  to  those  of  Baffin's  Bay,  and  is  variously  described 
as  follows : — 

"The  polar  current  coming  down  through  the  Spitzbergen  sea, 
along  the  eastern  coast  of  Greenland,  laden  with  its  heavy  freight 
of  ice  and  bringing  from  the  rivers  of  Siberia  a  meagre  supply  of 
drift  wood  to  the  Greenlanders,  sweeps  around  Cape  Farewell  and 
flows  northward  as  far  as  Cape  York,  where  it  is  deflected  to  the 
westward,"  and  joins  the  current  from  Smith's  Strait.  [A  little 
assumption,  in  this  case,  similar  to  that  of  Prof.  Rogers,  would 
authorize  a  statement  directly  opposite  to  his,  viz. :  that  the  Arctic 
ocean  is  a  "converging  and  rotating  sea,"  flowing  to  the  westwai^d,, 
from  Behring  Strait  along  the  coast  of  Siberia,  across  the  Spitz- 
bergen sea,  and  around  the  southern,  or  it  may  be  northern  coast 
of  Greenland.  There  is,  we  believe,  as  much  authority  ftr  this 
statement  as  there  is  for  that  of  which  we  have  spoken.] 

Another  writer  says,  "The  north  polar  current,  after  passing 
around  the  north  cape  of  Europe,  crosses  the  upper  part  of  the 
Atlantic,  running  to  the  southwest  till  it  reaches  the  coast  of  Green- 
land." Capt.Buchan,  in  1818,  off  the  north  coast  of  Spitzbergen, 
was  drifted  to  the  westward.  In  the  following  month,  Jul}*,  while 
secured  to  a  field  of  "ice,  we  had  the  mortification  of  finding  our- 
selves drifting  fast  to  the  southward."  [Beechey,  pages  83  to  109.] 
Another  explorer  suggests  that  as  the  current  through  Behring 
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Strait  runs  to  the  north,  and  that  between  Spitzbergen  and  Green- 
land to  the  south,  it  may  be  that  the  former  current  extends  across 
the  pole ;  and  this  suggestion  is  at  least  partially  sustained  by 
Capt.  Parry's  experience.  In  speaking  of  the  current  which  drifted 
Capt.  Parry  down  towards  Spitzbergen  from  latitude  82°  45', 
Capt.  Beechey  says,  ''What  may  be  the  cause  of  this  current  can, 
at  tiie  best,  be  but  conjecture  ;  and  we  must  at  present  remain  sat- 
isfied with  the  knowledge  of  the  simple  fact."  This  drift  was  only 
about  four  miles  a  da}-,  while  Capt.  Ross  (according  to  Lieut. 
Maurj')  reports  the  current  through  Behring  Strait  at  from  seventy 
to  one  hundred  miles  per  day. 

There  can  be  no  doubt,  we  apprehend,  about  the  direction  of  this 
well-known  polar  current,  from  the  Siberian  coast  or  Nova  Zembla, 
across  the  Spitzbergen  sea  towards  Spitzbergen  and  Greenland, 
which,  it  will  be  seen,  must  absolutely  cross  the  assumed  prolongation 
of  the  Gulf  Stream!  The  latest  intelligence  from  this  region  is 
that  furnished  by  Dr.  Petermann  of  Gotha,  who  has  given  special 
attention  to  the  Spitzbergen  sea  and  regards  this  as  the  proper 
region  of  approach  to  the  pole.  In  one  of  his  recent  circulars,  he 
reports  the  progress  of  the  Norwegian  and  Austrian  expeditions, 
(October,  1872),  and  says: — 

"Capt.  Nils  Johnson  sailed  on  May  8,  in  the  sailing  yacht  L^^d- 
iona,  of  twenty-six  tons  burden,  with  a  crew  of  ninety  men,  from 
Fromscoe,  Norway.  He  directed  his  course  in  June  towards  the 
western  half  of  the  open  sea,  and,  in  the  second  halfof  this  month 
(June),  when  the  Austrian  exploring  steamship  Tegethoff  had  just 
left  the  German  coast,  was  already  some  fifty  miles  east-southeast 
of  the  island  of  east  Spitzbergen,  in  the  middle  of  the  usual  posi- 
tion of  the  polar  stream,  which  generally  carries  an  enormous  mass 
of  ice  towards  Spitzbergen  and  the  Bear  Islands.  In  July  and 
August  of  this  summer  [1872]  the  ice  current  held  a  more  easterly 
course,  toward  Nova  Zembla,  and  left  the  western  half  of  the  sea 
free  from  ice,  as  the  reports  already  received  from  Capt.  Altmann 
[of  Hammerfest]  at  the  end  of  August  had  announced." 

Capt.  Johnson  visited  those  almost  unknown  islands  lying  east 
of  Spitzbergen^  in  latitude  76°  to  78°,  supposed  to  be  what  has 
heretofore  been  known  as  Wyche  Land,  and  the  most  important 
discovery  which  he  made  there  was  the  immense  quantities  of  drift 
wood,  sometimes  piled  twenty  feet  above  the  highest  tidal  mark 
along  the  eastern  coast,  from  the  Siberian  rivers,  brought  down  by 
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the  polar  current  from  the  northeast,  of  coarse  directly  across  the 
Spitzbergen  sea. 

In  view  of  what  has  been  said,  it  may  be  considered  as  certain 
that  the  waters  of  the  Arctic  ocean  do  not  rotate  around  tlie  pole 
eastwardly,  as  Prof.  Rogers  asserts,  and  tbat  tlie  direction  of  the 
polar  current  is  westward  and  southwestward.  The  currents  of 
Smith's  Strait,  Lancaster  Sound  and  Baffin's  Bay  are  all  outward 
into  the  Atlantic  ocean,  and  it  only  remains  to  speak  of  the  current 
through  Beliring  Strait.  The  reports  regarding  tlie  movement  of 
the  waters  in  these  straits  are  various  and  contradictor}'.  Most  of 
the  navigators  and  writers  declare  that  the  current  runs  through  the 
straits  into  the  Arctic  ocean,  and  others  assert  that  the  water 
runs  out  of  that  sea  into  the  Pacific  ocean.  We  have  been  told 
that  it  runs  in  on  one  shore  and  out  on  the  other,  but  Kotzebue, 
who  thought  ''as  a  constant  current  descends  into  Hudson's  Bay 
on  the  eastern  side  of  the  continent,  an  equal  flow  of  water  must 
enter  Behring  Strait  from  the  Pacific  on  the  western  side,"  says 
'Hhe  current  from  the  south  was  equally  strong  on  both  sides  of  the 
channel." 

The  statement  of  Capt.  Kerhallet^  is  quite  different  from  the 
foregoing,  and  is  as  follows : — 

**The  current  of  the  coast  of  Kamtschatka  is  a  branch  of  the 
Japan  current  running  toward  the  northeast  and  the  north-north- 
east along  the  coast  of  Asia  as  far  as  Behring  Strait. 

''It  separates  from  the  Japan  current  on  the  meridian  of  152° 
east  longitude  and  on  the  parallel  of  38°  north  latitude.  Its  eastern 
limit  passes  to  the  west  of  the  Aleutian  Islands,  of  St.  Matthew's 
Island,  and  of  St.  Lawrence  Island.  There  it  passes  through  Beh- 
ring Strait  and  spreads  over  the  northern  ocean,  running  north- 
west on  the  coast  of  Asia,  northeast  on  the  coast  of  America,  and 
north  in  the  middle  of  the  strait. 

"Behring's  current  appears  to  be  formed  by  the  excess  of  waters 
carried  to  the  strait  of  this  name  by  the  current  of  Kamtschatka, 
which  do  not  find  a  sufficient  discharge  through  this  strait.  It  per- 
haps owes  its  origin  to  some  entirely  different  cause ;  but  we  have 
not  observations  enough  to  show  whether  this  current  is  cold  or 
warm. 

"Behring's  current  descends  from  the  strait  of  this  name  gen- 

•General  Exploration  of  the  Pacific  Ocean,"  by  Capt.  Charles  Phillipe  Kerhallet, 
tranelated  by  Commander  Chas.  Henry  Davis,  U.  S.  N.    Blunt,  N.  Y.,  1S«1. 
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erally  in  a  south-southwest  direction.  As  it  goes  south  it  spreads 
considerably  in  such  a  manner  that  at  itj  most  southern  part  it 
runs  througli  the  whole  chain  of  the  Aleutian  Islands,  and  is  very 
strong  in  the  channels  formed  by  the  islands.*' 

The  temperature  of  the  two  currents  here  described,  so  far  as 
reported,  ranges  from  47*  to  52°.  Tiie  velocity  of  the  Kamtschaika 
current  is  given  at  seven  to  ten  miles  north  per  day,  and  that  of 
the  Behring*s  current  at  five  to  nineteen  miles  south  per  day. 

There  is  nothing  in  these  authoritative  statements  that  can  be 
construed  in  favor  of  a  rotating  ocean,  or  afford  any  aid  to  the  Gulf 
Stream  theory.  If  any  further  evidence  is  needed  on  the  first 
point,  reference  may  be  had  to  the  surveys  of  Commodore  (now 
Rear  Admiral)  Rogers,  in  1855.  These  show  that  on  the  westerly 
side  of  Behriug  Strait,  the  current  is  almost  invariably  to  the 
westward,  and  its  force  is  stated  at  from  one-half  knot  to  one  knot 
per  hour.  As  regards  the  prolongation  of  the  Gulf  Stream,  we  sup- 
pose it  will  hardly  be  contended  that  it  crosses  the  polar  current; 
and  it  seems  to  us  that  this  matter  is  effectually  disposed  of. 

Fog  or  Ice-blink  : — One  of  the  most  frequent  and  prevailing 
phenomena  of  the  Arctic  regions,  reported  by  all  explorers,  is 
the  fogs  or  ice-blink,  which  are  as  common  over  the  surface  of  the 
sea  as  are  clouds  in  the  sky,  and  are  the  evidence  of  water  and  air 
of  different  temperatures.  Ice-blink  has  been  supposed  by  navi- 
gators as  always  to  indicate  the  presence  of  open  water  and  this 
no  doubt  is  generally  the  case  at  all  points  reached  by  them.  Capt. 
Beechey,  in  his  experience  in  1818,  gives  a  very  striking  account  of 
ice-blink,  as  he  calls  it,  off  the  northwest  coast  of  Spitzbergen, 
where  there  is  often  to  be  found  consi<lerable  spaces  of  open  water 
in  the  drifting  ice-fields.  A  storm  was  raging  at  sea,  but  it  did 
not  reach  his  position  and  it  was  perfectly  calm  where  his  ships 
were  lying.     He  says : — 

''Over  the  ice  the  sky  was  perfectly  cloudless,  while  the  sea  was 
overcast  with  storm  clouds,  which  passed  along  until  the  line  of 
the  packed  ice  was  reached.  Here  at  the  line  of  demarcation  of 
the  two  atmospheres  it  was  curious  to  mark  the  rapid  motion  of  the 
clouds  to  the  right  and  left,  and  how  immediately  they  became  con- 
densed or  were  dispersed  on  arriving  at  it.  The  contrast  between 
the  two  atmospheres  is  sometimes  called  ice-blink."  [Beechey, 
p.  86.] 
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Dr.  Kane's  experience  of  ice-blink  in  Wellington  Channel,  Octo- 
ber, 1 850,  is  also  peculiar : 

"The  brig  and  the  ice  around  her  are  covered  by  a  strange  black 
obscurity,  not  a  mist  nor  a  haze,  but  a  peculiar  waving,  palpable, 
unnatural  darkness;  it  is. the  frost-smoke  of  Arctic  winters.  Its 
range  is  very  low  :  climbing  to  the  yard  arm,  some  thirty  feet  above 
deck,  I  looked  over  a  great  horizon  of  black  smoke  and  above  we 
saw  the  heavens  without  a  blemish."^  Kane's  first  vo3'age,  p. 
220.] 

Capt.  McClintock,  February  2,  1859,  records  "  a  lovely,  calm, 
bright  day,  except  over  the  water  space  in  Belloit  Strait,  where 
rests  a  densely  black  mist,  very  strongly  resembling  the  West 
India  rain  squall  as  it  looms  upon  the  distant  horizon."  p.  20. 
Belloit  Strait  is  in  about  lat.  72°,  north  of  Boothia  Felix,  and 
wholly  beyond  the  reach  of  the  Gulf  Stream.  In  similar  cases 
the  record  is,  almost  constant  fog  excepting  in  a  very  boisterous 
weather  and  heavy  gales. 

In  speaking  of  the  fogs,  Capt.  Hall  found  all  his  experience  in 
the  Arctic  Regions  or  elsewhere  at  fault.     He  says : — 

"  Before  coming  to  the  north,  I  thought  I  was  prepared  to  give 
a  fair  statement  of  the  true  theory  of  fogs.  I  am  satisfied  that 
no  man  can  give  a  satisfactory  reason  for  the  appearance  and  the 
sudden  disappearance,  their  reappearance  and  final  dispersion,  as 
I  have  witnessed  them  during  the  last  few  days."  [Hall's  Arctic 
Expedition.     Harper's  edition,  1865.] 

Capt.  Hall's  difficulty  is  only  what  others  have  experienced 
before  him ;  it  is  the  same  as  that  which  compelled  Dr.  Hayes  to 
declare  that"  facts  made  mischief  with  his  theories," and  required 
Mr.  Schott  to  account  for  the  warm  winds  experienced  by  Dr. 
Kane  by  declaring  that  they  "  must  have  originated  ov  blown  over 
a  water  area  partially  open  [?]  of  the  temperature  of  29°."  The 
fogs,  as  Capt.  Hall  saw  them,  and  as  other  explorers  have  seen 
them  ''  throughout  the  year ;"  the  thawing  and  tropic  showers  of 
Dr.  Hayes,  and    the  warm  winds  of  Dr.  Kane  and    others,  are 

*  Something  Like  thia  occurred  in  Boston  harbor  in  Jan.,  1866,  and  is  described  as 
follows:- 

*''  The  vapor  Is  rising  in  clonds  from  the  surface  of  the  wrnter  in  the  harbor,  and  hides 
from  sight  the  islands,  and  the  shipping  ridingatanchor  In  the  stream.  Tlie  atmos- 
pheric mirage  at  early  dawn  was  wonderful.  The  ice  is  forming  rapidly  in  the 
harbor.'*    [Boston,  Jan.  8,  1886.] 

Probably  the  same  thing  has  often  occurred  at  Boston.  Ice  smoke  has  been  fre- 
quently observed  by  the  writer  ou  Charles  river,  driven  over  the  surface  of  the  ice 
with  the  wind. 
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certainly  not  to  be  explained  on  the  theory  of  the  Gulf  Stream 
wraters.  Of  course  no  *'  area  of  water  partially  open  "  can  origi- 
nate a  wind  which  will  make  the>^  upper  deck  sloppy  "  and  raise 
the  temperature  of  the  lower  deck  to  75°,  as  in  the  case  of  Capt. 
McClintock.  The  Gulf  Stream  itself  removed  bodily,  so  to  speak, 
into  the  Arctic  regions,  could  not  produce  such  a  temperature 
under  the  circumstances  stated.  The  whole  Arctic  basin,  if  it 
were  true  that  its  waters  are  "  never  chilled  to  within  several  de- 
grees of  the  freezing  point  "  (29°),  as  asserted  by  an  explorer  while 
standing  upon  the  icy  border  of  the  supposed  open  sea,  "  old  ice  " 
at  that,  could  not  produce  such  an  atmosphere.  In  the  tropical 
aerial  currents  onl}',  it  would  seem,  is  to  be  found  an  adequate 
cause  for  these  phenomena ;  and  although  the  natural  warmth  of 
the  sea,  and  the  low  temperature  of  the  atmosphere,  may  often 
produce  ice-blink  over  considerable  spaces,  no  such  openings  as 
reported  can  originate  a  warm  wind  or  account  for  other  known 
phenomena.  Fogs  and  clouds  are  produced  by  atmosplieres  of 
different  conditions,  as  regards  temperature  and  humidity,®  and 
the  surplus  humidity  in  the  mass  falls  in  the  form  of  rain  or  snow. 
A  tropical  current,  moving  in  the  higher  regions  of  the  air  toward 
the  poles  of  the  earth,  as  described  by  various  writers,  following 
approximately  the  lines  of  longitude,  provides  these  atmospheres 
with  heat  and  moisture,  and  answers  all  the  conditions  required, 
and  makes  possible,  in  fact  inevitable,  the  remarkable  phenomena 
of  the  Arctic  regions.  Nothing  less  than  this,  it  seems  to  us, 
is  adequate  to  account  for  these  phenomena,  so  common  and  so 
constant  "  throughout  the  year." 

We  may  add  to  what  lias  been  said,  in  confirmation  of  the  views 
expressed,  the  experience  of  Dr.  Hayes,  in  the  North  Fiord  of 
Disco,  lat.  7Q°,  in  August,  1860 : 

"  In  all  my  former  experience  in  this  region  of  startling  novel- 
ties, I  had  never  seen  anything  to  equal  what  I  witnessed  that 
night.  The  air  was  warm,  almost  as  a  summer's  night  at  home, 
and  yet  there  were  the  icebergs  and  the  bleak  mountains.  »  »  * 
The  sky  was  bright  and  soft  and  strangely  inspiring,  as  the  skies  of 
Italj'.     The  bergs  had  wholly  lost  their  chilly  aspect, "  etc.  p.  25. 

"  I  awoke  after  a  few  hours,  shivering  with  the  cold.     The  bull's 

*^*  The  conditions  under  which  the  Tapor  of  water  becomes  visible  depend  upon 
the  temperature  and  the  degree  of  ^atnraiion."    [Flammaiion,  p.  417.] 

"Fogs  are  clouds  which  float  on  tlie  surface  of  the  earth;  and  clouds  aro  fogs  in 
the  higher  regions  of  the  atmosplicre.'     [Dick.,  Atmos.,  p.  i7 .] 
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€3-6  above  my  head  was  open,  and  a  chilly  fog  was  pouring  in  upon 
me.  Hurrying  on  deck,  I  found  the  whole  scene  changed.  A 
dense  gra}'  mist  had  settled  over  the  waters  and  icebergs  and  moun- 
tains, blending  them  ail  in  chaotic  gloom."     p.  26. 

Climate  of  the  Arctic  Regions  : — The  evidence  of  a  modified 
climate  and  that  in  favor  of  an  open  polar  sea — like  the  other 
oceans  of  the  globe — at  the  present  time  appear  to  be  conclusive  ; 
and  these  two  points  admitted,  our  preconceived  notions  of  the 
general  climate  of  the  unknown  region  are  at  fault  and  no  longer 
to  be  accepted.  One  of  the  earliest  and  strongest  suggestions  in 
this  matter  is  that  which  resulted  from  the  expedition  of  Sir  Ed- 
ward Parry  in  1827,  when  he  found  himself  surprised  by  the  grow- 
ing weakness  of  the  ice,  and  annoyed  b}'  the  frequent  rains  and 
the  repeated  changes  from  snow  to  rain  which  occurred  during  his 
sledge  excursion.  It  may  be  said  if  this  remarkable  attempt  to 
reach  the  region  of  the  pole  by  sledges  proved  anything  besides 
that  of  a  drift  to  the  south,  it  proved  a  modification  of  the  climate 
as  he  progressed,  and  an  ameliorated  state  of  the  atmosphere  be- 
j-ond  the  point  reached.  The  weather  and  the  temperature  which 
he  met  and  found,  had  they  prevailed  farther  south,  would  have 
made  an  impression  upon  the  great  ice  barrier ;  and  it  now  seems 
have  done  so  in  subsequent  years.  But  even  prior  to  Capt.  Parry's 
experience,  the  circumstance  reported  by  Capt.  Beechey,  in  1818, 
of  enveloping  a  vessel,  sails  and  rigging,  in  ice  during  a  snow 
storm  off  the  north  coast  of  Spitzbergen  which  changed  to  rain, 
was  thought  to  be  very  suggestive,  inasmuch  as  the  air  above 
must  have  been  very  much  warmer  than  the  air  at  the  surface  of 
the  sea.  Morton  says,  **  After  travelling  due  north  over  a  solid 
area  choked  with  bergs  and  frozen  fields  [just  as  Capt.  Parry  had 
done],  I  was  startled  by  the  growing  weakness  of  the  ice :  its  sur- 
face became  rotten  and  the  snow  wet  and  pulpy."  As  he  contin- 
ued his  journey  '4and  ice  and  snow  ceased  altogether."  Dr.  Hayes 
had  the  same  experience. 

Capt.  Parry  found  ponds  of  fresh  water  on  the  ice  in  lat.  82°  17' 
10"  which  had  been  there  a  long  time.  Capt.  Inglefield,  in  185g, 
reached  lat.  78°  2S'  21",  in  Smith's  Sound  and  found  an  open  sea. 
From  appearances  he  Inferred  that  he  had  reached  a  more  genial 
climate  than  at  Baffin's  Bay.  Instead  of  eternal  snows  which  he 
had  left  behind  him  the  rocks  appeared  in  their  natural  color.     In 
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Parry's  voyage,  having  passed  the  winter  at  Winter  Island,  in  1822 
-3,  he  says,  **Now  we  know  that  a  winter  in  the  ice  may  be  passed 
not  only  in  safety  but  in  health  and  comfort."  Capt.  Hall,  in  liis 
last  despatch  to  the  Secretary  of  the  Navy,  Oct.,  1781,  lat.  82°  3', 
long.  61°  10'  west,  in  Kennedy  channel,  says  *'We  find  this  a  much 
warmer  country  than  we  expected.  From  Cape  Alexander  the 
mountains  on  either  side  of  the  Kennedy  channel  and  Robeson 
Strait  were  found  entirely  bare  of  snow  and  ice,  with  the  excep- 
tion of  a  glacier  that  we  saw  commencing  in  about  lat.  80°  30' 
north,  on  the  east  side  of  the  Strait,  and  extending  in  an  east- 
northeast  direction  as  far  as  can  be  seen  from  the  mountains  by 
Polaris  Bay.  We  have  found  that  the  country  abounds  with  live 
seals,  game,  geese,  ducks,  musk-oxen,  rabbits,  wolves,  foxes,  bears, 
partridges,  lemmings,"  etc.  Capt.  Tyson,  in  the  same  vessel,  de- 
scribes the  climate  as  being  "distinctly  milder  than  it  is  several 
degrees  farther  south,"  and  gives  other  evidences  of  an  ameliorated 
climate.  The  shore  was  free  from  snow  and  covered  with  herbage. 
Musk-oxen  live  in  this  region  through  the  winter.  * 'After  passing 
the  ice-barrier,  which  extends  from  the  70th  to  the  80th  degree," 
reports  a  correspondent  of  the  ''London  Times"  of  the  Polaris  voy- 
age, "the  climate  became  sensibly  modified.  Drift-wood  from  the 
northward  was  picked  up,  much  decayed.  Besides  musk-oxen, 
rabbits  and  lemmings  were  abundant;  one  or  two  bears  were  seen, 
numerous  birds  from  the  south  in  summer,  and  wild  flowers  were 
brilliant."  There  was  a  marked  difference  between  the  two  shores, 
the  eastern  being  more  favored  in  climate  and  vegetation  as  is  the 
case  throughout  the  Arctic  regions. 

There  are  many  well  established  facts  which  appear  to  autho- 
rize the  conclusion  that  there  is  beyond  the  well  known  ice-barrier, 
which  encircles  the  polar  sea,  a  region  possessing  a  climate  less 
severe  than  that  direct!}'  south  of  it.  The  idea  that  the  farther 
north  we  penetrate,  and  the  nearer  we  approach  the  pole,  the  colder 
it  becomes,  natural  enough  in  itself,  is  not  true  in  point  of  fact. 
The  poles  of  cold  are  within  the  range  of  the  ice-belt,  and  they 
indicate  the  prevailing  temperature  of  the  region  at  the  surface. 
Among  the  evidences  of  an  ameliorated  climate  are  those  which 
relate  to  animal  life  in  the  highest  points  reached,  not  in  the  sum- 
mer months  alone  but  especially  in  the  winter  months.  The  ac- 
counts of  the  migration  of  birds  to  the  north  from  various  pbints 
are  numerous  and  undisputed,  and  make  certain  the  presence  of 


Digitized  by  VjOOQIC 


A.      MATHEMATICS,   PH7SICS   AND   CHEMISTRT.  133 

open  waters  of  considerable  extent.  The  appearance  of  animals 
in  Greenland,  Jan  Mayen  and  Spitzbergen,  in  the  winter  months 
and  early  in  the  spring,  furnishes  irrefragable  evidence  that  they 
remain  in  the  higher  parts  of  those  countries  during  the  year  and 
live  upon  the  products  of  the  soil.  In  the  attempts  made  to  es- 
tablish settlements  at  Jan  Mayen  in  lat.  71°,  bears  appeared  dur- 
ing the  winter  and  were  killed  in  February  and  March. 

On  the  10th  of  November  the  bears,  '*as  appears  to  be  their 
custom,"  says  the  record,  became  extremely  numerous  :  the  gulls 
did  not  quit  the  island  during  the  winter,  but  had  their  nests  in 
the  monntains,  to  which  they  returned  in  the  night.  "The  winter, 
though  checkered  with  thaws  and  rains  even  in  the  coldest  months, 
was  occasionally  very  severe ;  and  there  was  such  an  abundance 
of  snow  that  it  was  often  up  to  their  arm  pits,  and  sometimes 
wholly  prevented  their  moving  out  of  their  house."  [Beechey,  p. 
175.] 

Capt.  McClintock  says  "Peterson  tells  me  that  the  Esquimaux 
of  Upernavik  are  unable  to  account  for  the  occasional  disappear- 
ance and  reappearance  of  immense  herds  of  deer,  except  by  assum- 
ing tliat  they  emigrate  at  intervals  to  feeding  grounds  beyond  the 
glacier."  Capt.  Phipps,  in  July,  1773,  speaking  of  the  Seven  Isl- 
ands on  the  north  coast  of  Spitzbergen,  says  the  valleys  were 
filled  with  snow,  while  reindeer  were  feeding  on  moss  and  scurvy- 
grass  in  the  middle  of  the  island,  and  birds  were  abundant.  Capt. 
McClure,  in  his  celebrated  passage  on  the  ice  around  the  North 
American  continent,  saj's,  "the  hares  and  ptarmigan  descended 
from  the  high  ground  to  the  sea  ridges,  so  that  a  supply  of  game 
was  kept  up  during  the  winter,"  by  which  fresh  meats  were  had 
twice  a  week,  besides  the  Christmas  festival. 

The  mountains  of  Spitzbergen  are  reported  to  be  bare  or  com- 
paratively bare  of  snow.  Capt.  Beechey  first  speaks  of  them,  on 
approaching  the  island,  when  "the  dark  pointed  summits  of  the 
mountains  which  characterize  the  island,  rose  majestically  above 
beds  of  snow.  Some  of  the  mountains^  he  says,  "  have  smooth 
rounded  surfaces ;  upon  several  of  which  the  snow  remains 
throughout  the  year."  Vegetation  is  "found  to  a  considerable 
height,  so  that  we  have  frequently  seen  the  reindeer  browsing  at 
an  elevation  of  1500  feet.  This  elevation,  it  will  occur  to  many 
of  my  readers,  must  be  above  the  region  of  perpetual  snow,"  which 
De  la  Beche  (Geology,  p.  24)  places  at  450  feet.     Again  Capt. 
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Beechey  says  "we  find  mountains  divested  of  their  snowy  covei^ 
ing  at  elevations  far  above  the  line  at  which  perpetual  frost  may 
otherwise  be  presumed  to  exist;  »  ♦  »  ♦  extensive  tracts  are 
sometimes  seen  perfectly  bare  at  the  height  of  3000  feet."  Morton 
also  reported  Mount  Parry  bare  of  snow,  and  it  is  almost  certain 
that  the  mountains  of  Greenland,  in  the  interior,  are  comparatively 
free  of  snow  and  the  resort  of  immense  herds  of  reindeer  during- 
the  winter.  The  islands  around  Spitzbergen  are  reported  to  be 
high  and  precipitous,  but  covered  with  lichens  and  other  rich  pas- 
turage for  reindeer. 

Thb  Story  of  Spinks  : — One  of  the  most  fearful  and  ultimately 
ludicrous  incidents  to  a  single  individual  in  the  Arctic  regions 
happened  to  one  of  Capt.  Buchan's  sailors  at  Spitzbergen.  It 
appears  that  Spinks  had  obtained  permission,  with  a  number  of 
other  seamen,  to  hunt  deer  upon  the  mountains  near  the  coast, 
where  they  were  feeding.  Late  in  the  afternoon  a  signal  was 
made  from  the  ship  for  all  hands  to  return  on  board.  Spinks  was 
determined  to  be  at  the  landing  a  little  ahead  of  his  companions, 
as  was  his  custom  on  all  occasions ;  and  his  promptitude  and  reli- 
abilit}'  made  him  a  general  favorite  with  his  officers.  Spinks 
started  to  go  down  the  mountain,  a  slow  and  difficult  process  in 
the  usual  manner,  and  soon  came  to  the  upper  edge  of  tlie  snow. 
He  here  seated  himself  and  prepared  to  slide  down  over  the  frozen 
surface,  holding  on  by  the  heels  of  his  boots,  by  which  means  he 
expected  to  check  his  speed  in  making  the  descent.  But  he  soon 
found  the  crust  too  thick  and  firm  for  his  boots  to  penetrate,  and 
lost  all  control  of  his  progress,  going  down  the  slope  of  two 
thousand  feet  with  increasing  velocity,  and  making  the  fine  snow 
fly  so  as  completel}'  to  envelop  himself  as  in  a  cloud.  In  this 
condition  he  was  seen  from  the  ship  and  b}'  the  men  on  the 
beach,  flying  down  the  mountain  with  the  speed  of  the  wind,  di- 
rectly towards  the  perpendicular  face  of  a  glacier,  two  or  three 
hundred  feet  high,  fronting  on  the  sea.  To  those  who  witnessed 
his  descent,  his  fate  seemed  inevitable ;  but  by  some  means, 
unknown  to  any  of  the  observers,  his  direction  became  slightly 
changed,  and  the  fearful  precipice  of  the  glacier  was  escaped, 
lie  dashed  over  the  brink  of  the  mountain  and  was  instantly 
buried  many  feet  under  the  snow.  As  soon  as  possible  he  was 
dug  out  by  his  comrades,  and  when  placed  upon  his  feet  started 
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on  a  run  for  the  beach,  having,  as  Sir  Edward  Beecliey  soberly 
decl^^  ^^worn  through  two  pairs  of  trousers  and  something 
more^in  his  fearful  descent.  It  may  be  interesting  to  know  that 
after  his  return  to  England,  Spinks  was  promoted  to  the  office  of 
gunner  in  His  Majesty's  service,  and  died  some  years  later  at 
OI)>raltar —  where  he  was  buried  with  special  honors  by  his  officers 
andhipmates —  one  of  the  few  sailors  in  the  English  navy  whose 
name  ever  meets  the  public  eye  in  print,  much  less  finds  a  record 
on  the  pages  of  history. 

Rainfall: — There  can  be  no  doubt  that  frequent  rains,  like 
those  already  mentioned,  fall  upon  the  mountains,  and  probably 
throughout  the  vast  watershed,  during  the  whole  year ;  and  that 
these  in  the  valleys  as  well  as  on  the  mountains,  do  more  than  the 
presence  of  the  sun  in  dissolving  the  snow.  It  is  equally  certain 
that  the  melting  processes  throughout  the  Arctic  regions,  and  more 
especially  in  their  most  northerly  sections  and  mountainous 
countries,  are  not  limited  to  what  is  called  the  summer  season,  or 
during  the  presence  of  the  sun.  In  the  summer  the  process  is 
doubtless  going  on,  partially  at  least,  as  described  by  Capt. 
Beechey,  while  in  Magdalena  Bay,  Spitzbergen,  in  1818 : 

"There  is  the  most  marked  difference  between  the  sides  of  the 
Bay,  both  in  point  of  climate  and  general  appearance ;  for  while, 
on  the  one,  perpetual  frost  is  converting  into  ice  the  streams  of 
water  occasioned  by  the  thawing  snow  upon  the  upper  parts  of  the 
mountains  which  are  exposed  to  the  sun's  rays,  the  other  side  is 
relieving  itself  of  its  superficial  winter  crust  and  refreshing  a  vig- 
orous vegetation  with  its  moisture."     p.  48. 

This  process  is  very  much  aided,  and  likewise  carried  on  in  the 
absence  of  the  sun  and  wherever  the  sun's  influence  may  not  reach, 
by  the  abundant  rains.  Scoresby  mentions  the  fact  that  it  rains 
nearl}'  every  month  in  the  j'ear.  Hall  mentions  rain  in  Frobisher 
Bay,  Dec.  22,  1860.  Dr.  Hurtwig  reports  rain  in  Spitzbergen  in 
January,  and  there  are  numerous  similar  statements.^  In  speak- 
ing of  the  melting  ice,  Prof.  Tyndall  says :  — 

"Ice  requires  a  great  deal  of  heat  before  it  melts.  A  layer  of 
ice  often  becomes  a  protection  against  the  cold.  *  *  *  »     The 

*  In  the  Antarctic  regions,  Cordnvnt  in  1774 ,  any  s  the  summer  months  are  seldom  clear ; 
no  day  passed  without  some  rain  fiilUiig,  nnd  the  most  usual  state  of  the  weather  was 
that  of  constant  rain. 
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slowness  witli  which  ice  melts  is  well  known.  During  th^Kinter 
of  1740,  the  Czar  built,  at  St.  Petersburg,  a  inagnificent'"^^Ke  of 
ice,  which  lasted  several  years.  Since  then  cannons  ha\WDeen 
made  of  ice,  and  have  been  loaded  with  balls  and  fired.  They 
were  fired  ten  times  without  bursting.  It  is,  consequently,  indi&* 
putable  that  ice  melts  slowly  and  may  be  turned  to  good  accow^ 
in  the  polar  regions.  In  Siberia  the  window  panes  are  maSpof 
ice."  It  has  already  been  remarked  that  rain  had  a  greater  effect 
upon  the  ice  than  the  presence  of  the  sun,  a  statement  which  will 
not  be  controverted.  * 


Warm  Winds,  etc.  :  — The  climate  of  the  Arctic  regions,  so  far 
as  our  knowledge  extends,  is  one  of  great  variableness  in  respect 
of  temperature,  winds,  storms  and  calms.'"  Beyond  the  ice- 
barrier,  however,  there  is  reason  to  believe  it  is  one  of  more  equa- 
nimity, resembling  perliaps  in  this  respect  the  temperate  zone ; 
but  of  course  still  subject  to  sudden  changes.  One  of  the  strong- 
est evidences  of  a  warmer  climate  be3'ond  the  ice-barrier,  if  not 
in  fact  conclusive,  is  the  warm  winds  which  are  reported  all  around 
the  Arctic  circle  as  blowing  from  the  true  north ;  which  are  in 
fact,  what  may  be  called  the  extension  of  the  warmer  northern  cli- 
mate to  the  south,  sometimes  it  would  seem  to  a  very  annoying  ex- 
tent. 

Of  course  the  southern  limit  of  this  modified  climate  cannot  be 
defined.  It  may  be  different  in  different  directions  as  well  as  at 
different  times.  The  reported  observations  of  Mr.  Scorcsb}',  Jr., 
are  illustrative,  although  we  do  not  regard  them  as  authorizing  the 
conclusion  which  he  reached.  From  the  observations  of  many 
years  he  found  the  temperature  in  latitude  78°  as  follows :  Ma}', 
June  and  July,  average,  22°,  31°  and  37°  respectively ;  and  for  the 
whole  year,  17°.  He  inferred  from  these  that  the  average  temper- 
ature at  the  pole  must  be  10°  and  therefore  that  such  a  thing  as  an 
open  circumpolar  sea  was  ''chimerical."  Since  the  time  of  Mr. 
Scoresby  (1808  to  1818),  we  have  gained  more  information  and 
reached  very  different  conclusions  in  regard  to  the  temperature  of 
the  Arctic  regions  beyond  the  78th  parallel.  From  1820  to  1873, 
we  have  been  in  the  receipt  of  evidence,  year  by  year,  of  a  modified 
climate  in  the  neighborhood  of  the  pole,  shown  by  almost  every 

»«  Sir  E<l\Tarcl  Belcher  says:  — 

*'Climnle  and  winds  differ  liero  so  widely  within  a  space  of  ten  railos,  that  it  is  qaite 
iroposbible  to  calculate  on  the  wcaliier  they  may  experience."    p.  245,  vol.  i. 
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species  of  testimony  connected  with  physics,  meteorology  and  nat- 
ural history.  This  climate  no  doubt  told  upon  his  statistics,  which 
indicate  a  remarkable  equanimity  during  the  whole  year,  the  aver- 
age of  the  year  differing  from  that  of  the  warmest  month  only 
twenty  degrees.  Of  this  region,  it  may  be  said,  and  has  been  said 
of  Siberia,  "  as  under  the  tropics  there  are  only  spring  and  sum- 
mer, so  in  the  north  there  are  only  summer  and  winter." 

We  annex  some  further  evidence  upon  this  subject  and  the  con- 
clusion of  the  whole  matter  seems  to  be  inevitable  that  there  is  an 
open  sea  in  the  region  of  the  theoretic  pole  and  tiiat  it  is  approach- 
able and  can  be  reached ;  and  the  argument  goes  far  to  confirm 
the  reports  of  the  Dutch  navigators  that  they  have  several  times 
reached  and  sailed  around  the  position  of  the  pole^  in  latitude  88° 
and  89°. 

Evidence  of  an  Ameliorated  Climate: —  August  13,  1821. 
"  Nothing  could  exceed  the  fineness  of  the  weather  about  this  time ; 
the  climate  was  indeed  altogether  so  different  from  that  to  which 
we  had  before  been  accustomed  in  the  icy  seas,  as  to  be  a  matter 
of  instant  remark."  [Parry's  2nd  voyage,  p.  203.]  '*  The  days 
were  temperate  and  clear  and  the  nights  not  cold,"  though  thin 
ice  formed  in  sheltered  places. 

Oct.  24.  ''  The  wind  veering  to  the  S.  E.  on  24th  and  25th,  the 
thermometer  gradually  rose  to  -|-23°.  I  may  possibly  incur  the 
charge  of  affectation  in  stating  that  this  temperature  was  much  too 
high  to  be  agreeable  to  us ;  but  it  is,  nevertheless,  the  fact  that 
everybody  felt  and  complained  of  the  change."  "  From  —  40°  up 
to  zero  is  welcome,  but  from  zero  to  32°  is  rather  an  inconvenience." 
[Parry,  p.  239.] 

Oct.  10  to  21,  1850.  A  rise  of  temperature  from  —  2°  to  +  20° 
with  wind  northeast.  This  sudden  change  was  far  from  pleasant 
to  the  crew  and  the  old  hands  warned  the  novices  against  "  being 
fools  enough  to  pull  off  their  clothes  on  account  of  such  a  bit  of 
sunshine,  for  perhaps  in  an  hour's  time  zero  would  be  about  again." 
[McClure  in  Sargent,  p.  363.] 

"  The  sky  of  Baffin's  Bay,  though  but  800  miles  from  the  polar 
limit  of  all  northness,  is  as  warm  as  the  bay  of  Naples  after  a 
June  rain.  What  artist,  then,  could  give  this  mysterious  union  of 
warm  atmosphere  and  cold  landscape?"     [Kane  i,  p.  149.] 

1853.  Dec.      "  Our   anticipations  of  decrease  of  temperature 
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were  in  this  instance  groundless,  as  with  the  increase  of  wind  it 
rose  rapidly  to  +  25°.  Aloft  it  evidently  blew  a  heavy  gale,  of 
which  we  were  merely  entertained  with  the  whistling  and  rattling 
of  our  loose  gear  atop."  [Belcher,  "  Last  of  the  Arctic  Voyages," 
p.  86.] 

"At  Bear  Island,  beyond  Icy  Cape,  in  latitude  74°  30',  great 
mildness  of  climate  was  experienced  by  some  seamen  who  passed 
the  winter  of  1823-4,  in  this  locality ;  they  encountered  no  severe 
cold  nor  saw  either  packed  or  floating  ice."  [Ann.  Sc.  Dis.  1853 , 
p.  393.] 

Capt.  Richard  Wells,  of  steamship  Arctic  of  Dundee,  in  a  letter 
to  Mr.  Grinnell,  1867,  says  he  continued  to  the  "  north  until  he 
opened  out  Smith  Sound,  Humboldt  glacier  being  in  sight  through 
the  glass  from  tho  mast-head."  There  was  no  indication  of  ice  to 
the  northward  ;  sky  blue  and  watery  and  only  a  few  small  streams 
of  light  ice  to  be  seen  :  then  in  about  79°  as  he  judged.  He  adds, 
"  I  believe  that  had  we  not  been  on  a  whaling  voyage,  we  should 
have  met  with  no  dilBculty  in  attaining  to  almost  any  extreme 
northern  latitude." 

"  Within  the  Arctic  circle  there  are  countries  inhabited  as  high 
nearly  as  we  have  discovered  ;  and  if  we  may  confide  in  the  rela- 
tions of  those  who  have  been  nearest  the  pole,  the  heat  there  is 
very  considerable,  in  respect  to  which  our  own  navigators  and  the 
Dutch  perfectly  agree."  [Barrington's  Miscellanies,  London,  1581, 
pp.  65-6.] 

Precipitation  :  —  It  seems  hardly  necessary,  after  what  has  been 
said,  to  refer  to  Prof.  Rogers'  statement  on  this  subject  from  the 
work  already  quoted,  and  we  should  omit  to  do  so  but  for  the  fear 
that  the  statement  may  be  accepted  as  true.  In  speaking  of  the 
great  watersheds  of  Asia  and  America,  Prof.  Rogers  says : 

'*But  through  a  large  portion  of  the  year  the  precipitation  does 
not  flow  off,  but  remains  frozen  on  the  surface  until  the  sudden 
arrival  of  summer  sets  the  whole  mass  free ;  then,  augmented  by 
the  summer  rains,  the  entire  annual  accumulation  pours  off,  dur- 
ing a  few  weeks,  into  the  polar  sea." 

Prof.  Rogers  could  hardly  have  seen,  it  seems  to  us,  the  full 
meaning  of  this  statement.  Such  a  condition  of  things,  we  ven- 
ture to  say,  under  the  circumstances,  is  impossible  and  is  at  vari- 
ance with   all  we   now  know  of  the  Arctic  climate,  summer  or 
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winter.  The  idea  that  the  accumulations  of  a  large  part  of  the 
year  could  flow  off  in  a  few  weeks  is  not  to  be  credited.  What- 
ever the  accumulations  of  snow  and  ice  may  be,  the  outflow  of 
the  ocean  is  never  checked,  and  drift  ice  is  always  to  be  met  with. 
The  rainfall  is  very  great,  as  we  have  already  shown,  and  it  is 
reported  as  melting  the  ice  more  rapidly  than  the  heat  of  the  sun, 
even  in  summer,  and  rain  is  reported  in  every  month  in  the  year 
in  Spitzbergen,  Greenland  and  Jan  Mayen,  and  occurs,  no  doubt, 
in  all  the  glacial  regions.  So  that  while  the  rains  melt  the  ice  at 
and  near  the  surface,  they  also  melt  the  snow  that  falls  upon  the 
tops  of  the  mountains  and  contribute  largely  to  the  formation  of 
glaciers;  and  in  this  way  a  vast  amount  of  the  rainfall  and  accu- 
mulations of  ice  pass  out  of  the  Arctic  Regions  in  the  form  of  ice- 
bergs, which  are  dissolved  in  the  ocean. 

Recent  Intelligence. — The  most  recent  intelligence  from  the 
Arctic  regions — that  received  by  the  party  from  the  Polaris,  of 
Capt.  Hall's  expedition — is  of  ver}'  interesting  character,  and  while 
it  throws  into  the  shade  some  of  the  results  of  former  expeditions, 
confirms  the  most  important  features  of  them  and  adds  consider- 
ably to  our  reliable  knowledge  of  the  character  and  geography  of 
those  regions.  Capt.  Hall,  it  is  generally  admitted,  was  able  to 
reach  with  his  vessel  up  Kennedy  Channel,  a  higher  latitude  than 
was  attained  by  Dr.  Kane  or  his  successor,  Dr.  Hayes,  by  sledges, 
or  any  other  navigator  in  the  same  direction,  namely,  82°  16'.  He 
went  beyond  the  open  sea  of  Morton  and  the  "iceless  ocean"  of 
Dr.  Hayes,  and  ascertained  that  what  they  saw  is  merely  an  ex- 
pansion of  Kennedy  Channel,  with  Washington  Land  and  Grinnell 
Land  on  either  side  of  it,  still  extending  to  the  north  free  of  ice. 
On  the  eastern  side  of  the  channel,  Capt.  Hall  found  a  bay  or  inlet 
twenty  miles  wide,  which  it  was  thought  might  prove  to  be  the 
northern  coast  line  of  Greenland.  The  precise  latitude  of  this 
inlet  is  not  given,  and  it  is  very  probable  that  it  is  the  same  strait 
discovered  by  Capt.  Inglefield,  in  the  steamer  Isabel  in  1852,  and 
named  by  him  Murchison  Strait.  He  places  it  in  latitude  77°  30' 
and  likewise  supposed  it  to  form  the  northern  limit  of  Greenland. 
Capt.  Inglefield  saw  the  open  sea  stretching,  as  he  supposed,  at 
least  to  latitude  80°,  but  was  prevented  by  a  heavy  gale  from  sail- 
ing farther  into  it.  North  of  this  inlet  in  latitude  81°  38',  Capt. 
Hall  locates  Polaris  Bay,  in  which  he  passed  the  winter  of  1871, 
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be^'ond  the  highest  point  reached  by  his  predecessors.  The  land 
on  the  eastern  shore  of  tlie  channel  trends  to  the  northeast  as  far 
as  Repulse  Harbor,  latitude  82°  9',  the  highest  point  reached  by 
land,  and  that  on  tiie  west  shore  appeared  to  terminate  in  a  head- 
land in  latitude  84*".  Tliese  evidences  of  the  extension  of  the  land 
towards  the  north,  it  will  be  seen,  essentially  reduce  tlie  size  of  the 
open  sea  and  leave  us  in  the  dilemma  of  a  recent  writer,  who,  al- 
most on  the  same  page,  declares  that  there  is  no  assignable  reason 
for  the  supposition  that  Greenland  extends  to  the  pole,  and  none 
to  conjecture  that  Ellesmere  Land  does  not  so  project. 

Conclusion. — In  concluding  this  discussion  wc  may  congratu- 
late the  Association  that,  after  more  than  three  hundred  years  of 
exploration  and  effort,  we  have  reached,  it  is  to  be  hoped,  an  ap- 
proximation to  the  truth  in  regard  to  these  interesting  regions ; 
and  although  we  cannot  claim  for  our  country  that  it  was  among 
the  early  laborers  in  this  field,  we  may  point  to  our  efforts,  our 
achievements  and  the  results  attained,  with  pride  and  satisfaction. 
It  belongs  to  England  to  say  that  her  brave  and  courageous  navi- 
gators have  circumscribed,  if  not  circumnavigated,  the  North 
American  continent ;  and  to  her  also,  as  yet,  the  further  honor 
of  having  made  (in  modern  times)  the  nearest  approach  to  the 
pole  in  the  person  of  her  noble  son,  Sir  William  Edward  Pany. 
Nevertheless,  the  labors  of  Kane  and  Morton,  Hayes  and  Hall, 
have  added  much  to  our  knowledge  of  the  Arctic  regions ;  and 
it  would  seem,  by  tlieir  discoveries  and  explorations  more  clearly 
tlian  ever  befoie,  have  opened  the  way  to  that  mysterious  polar 
sea  which  has  been  so  long  the  object  of  such  laborious  and  peril- 
ous effort,  and  of  such  absorbing  interest. 

Correction. — In  the  Dubuque  paper  on  this  subject,  vol.  xxi 
of  the  Proceedings,  tiie  reader  is  requested  to  strike  out  the  word 
"thousand"  on  p.  112,  2l8t  line,  probably  an  accidental  interpo- 
lation of  the  compositor  (as  it  is  not  in  the  manuscript),  unfortu- 
nately not  detected  by  tlie  proof-reader,  and,  as  it  stands,  a  most 
egregious  error  of  statement. 
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A  Modification  op  the  Vacuum  or  Filter  Pump,  that  can 

BB   USED  WITH   FROM  THREE  TO  FIVE  FEET   FALL  OF    WATER  AND 
DOES    NOT   EASILY   GET   OUT   OF   REPAIR.      By   A.   E.    FoOTE,  of 

Ames,  Iowa. 

The  introduction  of  the  Sprengel  vacuum  or  filter  pump,  so 
widely  known  by  the  commendation  that  it  received  from  Prof. 
Bunsen,  was  limited  by  the  fact  that  most  laboratories  did  not 
possess  the  necessary  fall  of  water. 

The  discovery  by  Jogno,  in  1872,  of  the  vibrating  tube  and  valve 
will  not  only  widely  extend  the  use  of  the  filter  pump,  but  also 
afford  a  substitute  for  the  cumbersome  original  form.  In  attempt- 
ing to  introduce  Jogno's  apparatus,  I,  together  with  many  others, 
found  that  there  were  several  defects  to  be  overcome.  Among 
these  the  worst  was  that  the  valve  became  stiff  after  a  short  period 
of  use,  getting  out  of  order  and  working  imperfectly  if  at  all. 
To  obviate  this  difficulty,  Prof.  T.  E.  Thorpe  devised  a  new  form 
of  valve,  a  description  of  which  was  read  before  the  British  Asso- 
ciation last  fall.  An  abstract  of  this  paper  may  be  found  in  the 
"American  Journal  of  Science  and  Arts''  for  April,  1873. 
Thorp's  valve  is  difficult  of  construction,  works  very  badly  un- 
less perfect  and  soon  wears  out.  The  device  that  I  present  for 
your  consideration  is  exceedingly  simple  and  easily  constructed, 
since  it  can  be  made  of  common  materials  by  any  plumber  or 
worker  in  iron.  It  has  been  in  use  in  our  laboratory  for  some 
time  and  we  easily  produce  by  it  a  vacuum  of  twenty-six  inches 
of  mercury. 

The  following  is  a  description  of  the  apparatus  as  modified  by 
myself.  A  A  is  a  tube  three  feet  or  more  in  length  and  from  three- 
eighths  to  one  inch  in  diameter ;  to  the  side  of  this,  by  means  of  a 
T,  an  arm  B  is  affixed.  This  arm  is  from  four  to  eight  inches  in 
length  and  may  have  a  manometer  tube  attached.  C  is  a  caoutchouc 
vibrating  tube  which  conducts  the  water  to  A.  The  upper  end  of 
B,  over  which  it  is  thrust,  is  cut  off  at  an  angle  of  about  40".  The 
vibrations  are  regulated  by  an  arm  D.  To  B,  is  attached  a  rubber 
tube  E  which  leads  to  the  vacuum  bell  jar  or  bottle.  Within  B 
and  at  or  near  its  connection  with  A,  is  fixed  by  cement  the  valve 
represented  in  Fig.  2.  This  is  constructed  as  follows  :  the  end  of 
a  metal  plug  is  filed  off  as  represented  in  Fig.  2,  leaving  a  tongue 
of  metal  in  the  centre,  which  is  driven  down  upon  a  flat  of  thin 
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sheet  caoiitcboiic,  holding  this  upon  the  holes,  which  penetrate  the 
phig  and  communicate  with  a  channel  filed  on  the  lower  side  of 
the  plug  as  represented.  The  holes,  in  order  to  be  perfectly  closed 
by  the  flap,  must  be  at  least  one-sixteenth  of  an  inch  in  diameter. 
A  clamp  placed  on  E  and  used  to  retain  the  vacuum  may  also 


be  made  to  regulate  the  rapid itj'  of  filtration  or  evaporation  ;  this 
may  be  done  more  economically  by  means  of  a  stopcock  F,  inserted 
in  C  to  regulate  the  flow  of  water. 

I  have  been  led  thus  fully  to  detail  this  piece  of  apparatus  from 
the  belief  that,  as  soon  as  known,  its  simplicity,  compactness,  eflli- 
cient  working  and  cheapness  of  construction  will  cause  its  general 
introduction  in  laboratories  even  where  a  fall  of  thirty  feet  of 
water  can  be  obtained  without  difficulty.     Its  value,  not  only  for 
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rapid  and  difficult  filtrations,  but  also  for  evaporations  where  the 
application  of  heat  is«objectional)le,  cannot  be  overestimated. 

1  take  pleasure  in  acknowledging  my  indebtedness  to  Prof. 
Alexander  Thompson  for  much  aid,  especially  for  the  mechanical 
execution  of  the  work  and  the  drawings  that  accompany  this 
article. 

In  this  connection  a  simple  piece  of  apparatus,  devised  by  one 
of  our  students,  deserves  mention  on  account  of  its  simplicity, 
convenience  and  efficiency.  It  is  ample  for  all  filtrations  where 
but  a  slight  vacuum  is  needed.  To  the  top  of  the  shelving  above 
the  table  and  sink,  fasten  a  tube  (rubber).  Connect  one  end  of 
this  with  the  water  supply  pipe,  the  other  with  the  bulb  of  a 
thistle  tube  by  means  of  a  glass  tube  inserted  in  a  rubber  cork ; 
through  another  hole  in  the  rubber  cork  carry  a  tube  which  is 
connected  with  a  large  vacuum  bottle.  The  vacuum  produced  will 
be  proportional  to  the  column  of  water  supported  in  the  thistle 
tube  and  its  connections.  The  waste  water  is,  of  course,  allowed 
to  flow  into  the  sink. 


The  Chemical  Composition  of  a  Copper  Matte.     By  T.  Sterrt 
Hunt,  of  Boston,  Mass. 

ABSTRACT. 

The  name  of  matte  or  regnlus  is  given  to  a  product  obtained  in 
smelting  partially  roasted  sulphuretted  copper  ores,  and  consisting 
in  great  part  of  sulphur  and  copper ;  it  is  the  result  of  a  process 
of  concentration.  A  specimen  of  this,  holding  forty-five  per  cent, 
of  copper,  besides  iron  and  sulphur,  was  found  to  give  up  the  greater 
part  of  its  iron  to  dilute  acids,  with  the  escape  of  free  hydrogen 
and  sulphuretted  hydrogen  gases.  It  precipitated  metallic  copper 
and  metallic  lead  abundantly  from  their  neutral  solutions,  and 
contained  apparently  the  greater  part  of  its  iron  in  a  metallic 
state.  When  oxidized  by  nitric  acid  or  by  bromine,  it  left  a  res- 
idue of  more  than  ten  per  cent,  of  grains  of  pure  magnetic  oxide 
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of  iron  and  the  dissolved  portion  contained  about  thirteen  equiv- 
alents each  of  copper  and  sulphur,  besides  eight  of  iron  and  a 
little  zinc.     It  was,  as  might  be  expected,  strongly  magnetic. 

The  author  insisted  upon  the  apparent  anomaly  exhibited  in  the 
association  in  a  furnace-product  of  a  stable  oxide  of  iron  with  a 
sulphuret,  the  affinities  being  curiously  balanced  in  the  fused  mass. 
The  presence  of  metallic  iron  at  the  same  time  he  explained  as  the 
result  of  a  partial  dissociation  of  a  double  sulphuret  of  copper  and 
iron  on  cooling.  Plis  inquiries  in  this  matter  are  not  yet  finished, 
but  throw  an  unexpected  light  on  some  furnace-reactions,  as  the 
treatment  of  iron  in  the  Bessemer  process,  and  also  on  the  produc- 
tion in  nature  of  many  igneous  and  volcanic  rocks. 


Determinations  op  Transatlantic  Longitudes.     By  J.  E.  Hil- 
GAitD,  of  Washington,  D.  C. 

[Comnmuicnted  by  peiinission  of  Prof.  Benjamin  Peirce,  Supt.  U.  S.  CoaFt  Survey.] 

The  exact  determination  of  the  longitude  of  some  point  in  the 
tri angulation  of  the  Coast  Survey,  from  the  principal  observatories 
of  Europe,  forms  one  of  the  most  important  problems  of  that 
work,  and  all  the  various  means  known  to  science  have  been  suc- 
cessively brought  to  bear  on  its  solution.  The  Coast  Survey 
Reports  from  1848  to  1866  show  that  the  methods  of  moon-culmi- 
nations, of  ciironometer  transportation  and  of  lunar  occultations, 
have  each  in  turn  received  a  large  share  of  attention.  The  latter 
method  had  not  yet  yielded  the  full  results  that  may  be  expected 
of  it,  in  consequence  of  the  infrcquency  with  which  corresponding 
observations  arc  obtained  in  Europe  and  America,  owing  to  the 
parallactic  displacement  of  the  moon  ;  it  cannot  be  doubted,  how- 
ever, that  with  a  suitably  organized  system  of  observation,  this 
method,  will,  in  time,  give  results  of  great  exactness. 

Upon  the  successful  completion  of  the  Atlantic  telegraph  from 
Ireland  to  Newfoundljuid,  measures  were  at  once  taken  to  make 
use  of  that  means  for  the  determination  of  the  longitude  between 
the  two  continents.     Tiie  results  of  these  operations,  conducted 
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bj  Dr.  B.  A.  Gould,  hare  been  given  at  length  in  the  Report  for 
1867.  Although  far  more  certain  than  the  previons  results,  the 
value  thus  obtained  still  left  a  latter  margin  of  doubt  as  to  its 
precision,  than  is  desirable  in  so  fundamental  a  determination. 
This  uncertainty,  which  probably  does  not  exceed  one  quarter  sec- 
ond of  time,  is  owing  in  part  to  the  fact  that,  though  we  can 
measure  the  total  time  of  transmission  of  signals  through  the  cable 
and  back  again,  we  are  unable  to  separate  the  duration  in  oppo- 
site directions  and  are  obliged  to  assume  it  equal,  an  assumption 
which  may  not  be  exact  within  a  sensible  fraction  of  a  second. 

When  the  laying  of  the  French  cable,  from  Brest  in  France  to 
Duxbury  in  Massachusetts,  afforded  an  independent  means  of  ver- 
ifying the  former  result  by  observations  under  entirely  different 
conditions,  the  opportunity  was  promptly  seized,  and  the  longitude 
between  Brest  and  Duxbury  determined  by  G.  W.  Dean,  Assist- 
ant in  the  Coast  Survey,  as  set  forth  in  the  Report  for  1870. 

At  this  time,  no  cable  was  yet  in  operation  between  Brest  and 
England,  so  that  Mr.  Dean  was  unable  to  carry  his  determination 
direct  to  the  Observatory  at  Greenwich.  Such  a  cable  having 
since  been  laid,  the  wanting  link  in  the  chain  of  longitudes  was 
supplied,  during  the  past  summer,  by  J.  E.  Hilgard,  Assistant  in 
the  Coast  Survey,  who  temporarily  gave  up  the  charge  of  the 
Coast  Survey  Office,  in  order  to  bring  this  much  desired  operation 
to  a  satisfactory  conclusion.  While  reoccupying  Brest  for  that 
purpose,  it  appeared  in  every  way  desirable  that  the  experiments 
through  the  French  cable  should  be  repeated ;  this  time  with  an 
intermediate  station  at  St.  Pierre,  where  the  long  cable  makes  a 
landing.  That  part  of  the  operations  which  connected  St.  Pierre 
with  Cambridge  was  under  the  immediate  direction  of  G.  W. 
Dean. 

The  general  plan  of  operations  was  to  unite  at  Brest,  signals 
from  St.  Pierre,  from  Greenwich  and  from  Paris,  sent  nearly  at 
the  same  time  and  compared  by  means  of  the  Brest  chronograph  ; 
and  to  determine  the  personal  equations  of  the  several  observers 
through  one  of  them,  who  should  observe  successively  with  all 
the  rest.  This  was  done  by  Sub-assistant  F.  Blake,  Jr.,  who 
ably  assisted  Mr.  Hilgai*d  throughout  the  work.  Through  the 
kindness  and  assistance  of  Sir  George  B.  Airy,  the  Astronomer 
Royal  of  England,  and  of  Mr.  Delaunay,  the  distinguished  Direc- 
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tor  of  the  Paris  Observatory,  whose  lamented  death  occurred 
while  the  operations  were  in  progress,  and  through  the  generous 
courtesy  of  the  French  Atlantic  Telegraph  Company,  and  of  the 
Submarine  Telegraph  Company,  the  work  was  brought  to  a  suc- 
cessful conclusion  in  the  month  of  September,  1872. 

In  the  course  of  these  operations  the  longitude  between  Paris 
and  Greenwich  has  been  incidentally  determined  in  two  different 
ways;  first,  in  July,  via  Brest,  and  afterwards,  in  September, 
between  Greenwich  and  Paris  direct,  through  the  '*  Submarine  " 
cable  via  Calais.  These  two  determinations  are  not  entirely  inde- 
pendent of  each  other,  since  the  personal  equation  between  Blake 
and  the  Paris  observer  enters  into  both,  but  the  near  satisfaction 
of  the  equation  (Brest —  Paris  -f-  Paris  —  Greenwich -f-  Greenwich 
—  Brest)  =  0,  or  the  closing  of  that  longitude  triangle,  must  enti- 
tle the  results  obtained  to  great  confidence. 

We  now  proceed  to  give  some  account  of  the  instruments  and 
methods,  before  reciting  the  principal  results. 


Brest —  Greenwich  —  Paris. 

The  station  at  Brest  was  chosen  on  the  place  d^armes  in  front 
of  the  Transatlantic  Telegraph  Company's  OflSce,  with  which  it 
was  connected  by  wires.  It  was  found  to  be  8'46"  south  and 
0-44"  east  of  the  tower  of  St.  Louis  church,  a  point  in  the  trigo- 
nometrical survey  of  France. 

The  instruments  used  were  a  transit  instrument  by  Simms,  of 
45  inches  focal  length,  and  25  inches  transit  axis,  with  a  diaphragm 
of  15  lines ;  a  circuit-breaking  chronometer  by  Bond,  and  a  Bond 
chronograph. 

The  plan  adopted  for  determining  the  clock  corrections  pro- 
vides for  observations  in  both  right  and  left  position  of  the  tran- 
sit telescope,  a  set  in  each  position  comprising  five  time  stars  and 
two  circumpolars,  one  above  and  one  below  the  pole.  By  this 
system  it  is  practicable  to  deduce  the  azimuthal  deviation  of  the 
instrument  independently  for  either  position,  and  even  to  arrive  at 
a  fair  value  of  the  collimation,  when  observations  have  been  ob- 
tained in  but  one  position. 

A  careful  determination  of  the  inequality  of  pivots  was  made 
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by  a  series  of  level ings,  and  the  corrections  foirad  to  be  due  were 
applied  in  the  reduction  of  tlie  observations. 

The  chronometer  is  fitted  with  a  circuit-breaking  attachment 
by  which  the  current  is  interrupted,  for  an  instant,  every  two  sec- 
onds, and  likewise  at  the  fifty-ninth  second,  to  mark  tiie  minute. 
In  order  to  avoid  the  inconvenience  arising  from  the  deflagration  of 
contact  surfaces,  by  the  spark  developed  at  the  break,  a  branch  cir- 
cuit, including  a  resistance  coil,  was  introduced  according  to  the 
device  of  Mr.  Hilgard,  bridging  the  break,  and  permitting  the  ready 
passage  of  the  secondary  current,  while  the  resistance  is  too  great 
to  affect  sensibly  the  recording  magnet. 

It  will  be  observed  that  the  rate  of  this  chronometer  was  not  only 
determined  by  the  observations  made  at  Brest,  but  was  also  checked 
by  daily  comparisons  with  the  clocks  at  Paris  and  Greenwich.  Its 
performance  was  very  satisfactory. 

The  observations  of  star  transits  and  the  time  scale  were  re- 
corded on  the  chronograph  with  the  same  pen,  whereby  any  correc- 
tion for  relative  position  of  the  pens  or  styles  is  avoided,  and  the 
reading  much  facilitated. 

At  the  Paris  Observatory  the  general  arrangements  for  the  work 
were  committed  to  Mr.  Loewy,  who  lent  a  most  cordial  coopera- 
tion to  our  work.  The  chronographic  method  of  recording  time  ob- 
servations, not  then  in  ordinary  use  at  the  observatory,  was  adopted 
for  the  present  occasion,  and  the  assistant  astronomer,  Mr.  L.  F. 
Folaln,  who  made  all  the  corresponding  observations,  devoted  a 
fortnight  to  preliminary  practice  with  the  new  method,  so  as  to 
obtain  a  settled  habit  of  observing.  The  large  transit  instrument 
{lunette  mendienne)  was  employed  for  the  work,  which  was  prose- 
cuted with  the  greatest  assiduity.  The  instrument  was  reversed 
twice  on  each  night,  and  two  complete  sets  of  observations  were 
made,  each  comprising  eight  stars  in  each  position  of  the  instru- 
ment, beside  circumpolars  and  micrometer  readings  on  the  merid- 
ian mark. 

After  completing  the  observations  at  Brest,  Mr.  Blake  trans- 
ported his  instruments  to  Paris  and  mounted  his  transit  on  a  pier 
that  had  been  provided  for  the  purpose,  a  short  distance  to  the 
south  of  the  observatory  transit,  very  nearly  in  its  meridian,  in 
the  garden.  Each  observer  now  determined  the  time  with  his  own 
instruments  and  after  his  own  method,  and  compared  the  time- 
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keepers  in  the  same  way  as  had  been  done  between  Brest  and 
Paris  ;  tlie  personal  equation  thus  obtained  including  all  peculiaii- 
ties  that  may  arise  from  instrumental  causes. 

At  Greenwich  the  regular  routine  of  observing  was  followed,  as 
described  in  the  Greenwich  observations,  the  observers  changing 
in  a  certain  rotation,  two  observers  generally  determining  the 
clock  corrections  on  each  day  and  their  observations  being  referred 
to  a  common  standard  by  the  personal  equations  derived  from  the 
comparisons  thus  obtained. 

When  Mr.  Blake,  after  completing  the  work  at  Paris,  went  to 
Greenwich  for  the  purpose  of  comparing  his  personal  equation 
with  that  of  the  Greenwich  observers,  his  transit  was  mounted  on 
a  pier  erected  for  the  purpose  by  order  of  the  Astronomer  Bo3*al, 
and  again  observed  in  his  accustomed  way,  comparing  his  time- 
keeper telegraphically  with  the  Greenwich  clock  and  likewise  with 
that  at  Paris,  where  Mr.  Folain  was  still  keeping  up  his  corre- 
sponding observations.  The  Coast  Survey  party  are  especialFy 
indebted  to  Mr.  William  Ellis,  who,  under  the  direction  of  the 
Astronomer  Royal,  aided  them  in  every  way  in  the  prosecution  of 
the  work. 

The  place  of  the  pier,  which  has  since  been  marked  by  a  slab  of 
marble  bearing  the  inscription  ^^Hilgard"  is  0*1 60%  west  and  1.74" 
sonth  of  the  Greenwich  transit  circle. 

The  method  of  exchanging  signals  was  by  means  of  arbitrary 
signals  sent  over  the  line  and  recorded  on  the  chronogi*aph  at  each 
station.  These  signals  were  sent  for  five  minutes  at  approximate 
intervals  of  five  seconds,  but  the  intervals  were  purposely  varied 
so  as  to  give  different  fractional  readings.  At  eleven  p.  m.,  Green- 
wich began  sending  to  Brest,  then  Brest  sent  to  Greenwich,  next 
Brest  to  Paris,  and,  finally,  Paris  to  Brest.  Between  Greenwich 
and  Brest  but  one  series  of  signals  was  exchanged  on  each  night, 
as  the  free  use  of  the  cable  could  not  be  granted  for  more  than  ten 
minutes.  Between  Brest  and  Paris,  however,  a  wire  was  placed 
at  the  disposal  of  the  parly  from  eight  p.  m.,  for  the  night,  and,  in 
general,  two  series  of  exchanges  were  obtained. 

The  obsei-vations  of  Mr.  Blake  have  been  reduced  in  the  fol- 
lowing manner.  The  chronograph  sheets  having  been  independ- 
ently read  by  two  persons  and  readings  collated,  each  evening's 
work  was  reduced  by  Mr.  Blake,  on  the  plan  of  deriving  the  colli- 
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matioa  and  the  azimuthal  deviation  of  the  instrument  fiY>in  all  the 
observed  stars  by  means  of  the  usual  normal  equations,  giving 
equal  weight  to  all  the  stars  —  the  clock  correction  being  finally 
determined  from  stars  within  60''  declination,  omitting  the  circum- 
polars,  by  applying  the  instrumental  corrections  previously  ob- 
tained. In  a  more  elaborate  second  computation  made  by  R.  Keith, 
each  conditional  equation  was  affected  by  a  weight  depending  upon 
the  star's  declination  according  to  a  law  derived  from  the  obser- 
vations themselves,  and  moreover  separate  values  for  the  azimuthal 
deviation,  before  and  after  reversal,  were  deduced.  The  resulting 
clock  corrections,  obtained  by  the  two  methods  of  reduction,  show 
a  very  good  agreement,  the  average  difference  being  only  001 7* ; 
the  sum  of  the  residuals  for  each  star  is  less  in  the  second  than 
in  the  first  in  the  ratio  of  twenty-six  to  thirty-one ;  but  it  should 
be  observed  that  in  consequence  of  the  introduction  of  four  instead 
of  three  variables  in  the  equation,  the  observations  should  be  bet- 
ter represented  in  something  near  that  ratio,  and  only  a  small  im- 
provement can  be  ascribed  to  the  use  of  weights.  This  matter  will 
be  found  more  fully  discussed  in  the  Coast  Survey  Report  for  1872, 
when  the  observations  of  the  American  party  will  be  given  in  full. 
Those  made  at  Paris  and  Greenwich  will  be  found  in  the  regular 
publications  of  those  observatories. 

The  right  ascensions  used  in  these  reductions  are  a  mean  of 
those  of  the  Washington  Observatory  from  1862  to  1867,  and  of 
the  Harvard  College  Observatory  from  June  to  November,  1872. 
They  do  not  agree  precisely  with  either  the  Greenwich  or  the  Paris 
right  ascensions,  but  the  differences  are  small.  It  would  certainly 
have  been  desirable  to  use  the  same  data  in  the  reduction  of  the 
observations  at  all  stations,  but  as  Greenwich  and  Paris  do  not 
agree  in  their  standard  places,  it  was  thought  best  to  use  the  list 
adopted  for  the  Coast  Survey  work  and  let  the  accidental  varia- 
tions be  merged  in  the  errors  of  observation,  while  any  systematic 
difference  in  the  places  would  form  part  of  tlie  personal  equation. 
The  longitudes  cannot,  in  any  sensible  degree,  be  affected  by  tlie 
differences  adverted  to. 

We  will  now  give  a  table  of  chronometer  corrections,  as  de- 
duced by  the  second  metliod  of  reducing,  to  show  the  perform- 
ance of  the  timekeeper,  followed  by  a  specimen  of  one  night's 
work,  and  finally  a  tabular  statement  of  the  results  for  longitude. 
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Corrections  of  chronometer  Bond,  No.  380,  at  18h.,  S.  T.,  from 
observations  by  F.  Blake,  Jr. 


riAce. 

Date. 

Correction. 

Hourly  rate. 

Brest. 

July 

8 

8 

1 

+3-741 

— -018 

S 

-1-2 -750 
+2-370 

•019 

4 

-018 

5 

-t-1-963 
+0-(>49 

•018 

0 

•020 

11 

—0-933 

•024 

12 

-1-«51 

•029 

14 

—2  139 

•010 

17 

-2-J«3 

•C09 

18 

— 3-a54 

•010 

lU 

—3-010 

•002 

20 

— 3-2HI 

•008 

2L 

—3-391 

•009 

22 

-3-702 

•012 

ii 

-4-053 

•015 

Paris. 

AiifTUSt 

Hi 

-1-470 

+•006 

17 

—1-322 

—•001 

18 

—1-348 

-002 

19 

— 1-:H82 

-006 

20 

— l&JO 

•006 

Greenwich. 

August 

•28 

- 

-1-725 

+•004 

30 

- 

•I-KU5 

•013 

31 

- 

-2-205 

•007 

3 

-3-70« 

•017 

4 

. 

-4-109 

•on 

5 

- 

-4-l«9 

•021 

({ 

. 

-4-945 

•023 

i 

. 

^•508 

-WM) 

9 

- 

-6-885 

•030 

10 

- 

|-7-r.:io 

•031 

Brest,  July  5,  1872.     Observer  F.  Blake,  Jr. 


OhBPVVf'd  timn 

Corrections. 

Star. 

oi  transit. 

Level. 

Azim. 

Coll. 

u'  Boolis 

1       h.      ■.      .. 

£                    1ft     1Q     9(i'f\R 

—•14 
—-11 
--87 
-•08 
-•13 
-•19 
+-07 
-•03 
—-02 
+-00 
+-00 

-f-01 
+-01 
—•06 
+-00 
-01 
—•02 
—-30 
-•09 
-•04 
—•08 
+•18 

+"-05 
+•05 
+•22 
+-07 
+•10 
+•13 
+•18 
-07 
—•09 
-•08 
—•20 

n  Cor.     Bor.*....*.. 

29    15-05 

48    43-61 

Ifl     IS     R3'70 

^Ursa     Minor 

T  Herculis 

■»!  Drnconis 

1             22    16-42 
E         '             28    15-92 
W                     41    16-85 

j             51    36  58 

56    53-03 

1 

1      17      8    48-68 

W        1            37    44-02 

A  Draconis 

9  Caraelop.L.C 

K  Onhiuchi 

d  Uei'ciil IB  •>••••••  •• 

/|'  Hprciilifi. •*.•*•••• 

cii  Drncoiiis. a •* •  •■  •• 
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Star. 


L. 


m'  BootiB 

a  Cor.  Bor 

C   Ursa  Minor 

r   Hercnlis 

If    Draconis 

A  Draconla 

9  Camelop.  L.  C 

K   Ophiuchi 

d    Hercnlis 

a'  Herculis 

M   Draconis 


B 
W 


W 


Time  of  Merid- 
iaa  Transit. 

Right 
Ascension. 

Clock 
Corrections. 

h.      m.         •. 

15    19    38-97 

h.     n.        ■. 
15    19    40-92 

+^95 

29    15-60 

29    17-65 

2-05 

48    4340 

15    48    45-43 

2-03 

16    15    53  60 

16    15    56-67 

1-98 

22    16-38 

22    18-33 

1-95 

28    15-84 

28    17-82 

1-98 

41    16  80 

41    18-60 

1-80 

51    36-39 

61    3838 

1-99 

66    52-88 

56    54-80 

1-92 

17    06    48-42 

17    08    50-52 

2-10 

37    43-95 

37    45  68 

1-78 

Clock  con-ectlons  at  16-4.  Sid.  T.    +1-98-2. 

Collira.  =  —  -056.    Azimutii  for  Lp.  E.  +-025 ;  for  Lp.  W.  —-182. 
The  first  reduction,  without  weights,  hnd  given  clock  correction  + 1*986,  collimatlon 
—•040,  azimuth  —-077. 
The  **  observed  time  of  transit"  is  the  mean  of  fifteen  threads. 


TEL.EOHAPH  SIGNALS  BETWEEN  BREST  AND  GREENWICH. 

Greenwich  to  Brest,  Brest  to  Greemoich. 

July  5, 18T2. 


Difference*  mean  of  SO  signals,  +17  11*101 
Correction  of  Brest  clock,  —  1*960 
Correction  of  Greenwich  clock,  +     47-900 


Longitude  —  Signal  time. 
Mean, 


+17  57051 
+17  57-068 


Difference,  mean  of  30  signals,  +17  11*134 
Con-ection  of  Brest  clock,  —  1*948 
Correction  of  Greenwich  clock,  +     47- 900 


Longitude  +  Signal  time, 
Signal  time, 


+17  r)7-0»6 
0-018 


TELEGRAPH  SIGNALS  BEl'WEEN  BREST  AND  PARIS. 

Paris  to  Brest,  Brest  to  Paris. 

July  6, 187-2,  First  Exchange. 


Difference,  mean  of  30  signals,  +27  40  843 
Correction  of  Paris  clock,  —     20570 

Correction  of  Brest  clock,         —       1-995 


Longitude  —  Signal  time. 
Mean, 


+■27  18-278 
+27  18-323 


Difference,  mean  of  3u  signals,  +27  40*933 
Correction  of  Paris  clock,  —     20-574 

Correction  of  Brest  clock,  —       1990 


Longitude  +  Signal  time. 
Signal  time, 


+27  18  369 
0-046 


July  5, 1872,  Second  Exchange. 


Difference, mean  of  30  signals,  +27  40833 
Correction  of  Paris  clock,  —  20-601 
Correction  of  Brest  clock,  —       1'958 


Longitude  — Signal  time, 
Mean, 


.+27  18*274 
+27  18-332 


Difference,  mean  of  30  signals,  +-27  40-949 
Correction  of  Pans  clock,  —     20  602 

Correction  of  Brest  clock,  —       1*957 


Longitude  +  Signal  time 
bignai  time. 


+27  18-390 
0058 
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UC8ULT1  OF  OMBXTATIOn  VOS  FKHtOKAL  KQUATIOK. 
ParU, 


Blake,  west  of  Folain,  August  16, 

-0186 

17. 

+0-075 

18. 

+0193 

19, 

+0076 

M, 

-l-o-ow 

Blake,  west  of  Folate,  mean, 

+005S±0-a37 

Coast  8ur?e7  Station,  rednced  to  Transit  circle. 
Reduction,  —0*16 


Date. 


August  28 

SO 

31 

September  3 

5 
6 

7 
0 


Blake  east  of  observer. 


J.  C.  +0070 
L.  +0-427 
E.  —0-124 

H.  C.  — O-OOl 
L.  +0.3WJ 
J.  -0-025 

J.  C.  — 0-OftO 

8t<1. +0*005 
E.  —0117 


Reduction  to  standard 
observer. 


+0-010 
—0  240 
+0-230 

OOOO 
—0-240 
+0-060 
+0-(H0 

0000 
+0  230 


Blake,  east  of  Greenwich  standard  observer,  mean 


Blake  east  of  stand- 
ard observer. 


+0-0(» 
+0-187 
+0106 
— O-OOl 
+0.125 
+0ftJ5 
—0-040 
+0*005 
+0113 

+00b8  :t<h016 


LONOITUDS8. 

Breit—  Grtemoich, 

m.  ■. 

July] 17  57149 

3 57124 

4 57120 

5 67-068 

11 17  67-026 


Mean 17  67-097 +  0015 

Personal  Equation +0-068^0.016 

Difference  of  Longitude 17  67*  165 "^0022 


Brett— Paris, 

m.  I. 

Julyl .27  18232 

3 18-268 

4 18-19* 

6 18-328 

9 18.859 

19 18-188 

20 18  331 

21 18-207 

22 .27  18168 


Mean 27  18-252J30016 

Personal  Equation. —0*053^0037 

Difference  of  Longitude .27  18-190~^0-039 
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Greetwieh-'  Paris, 

a.         ■■ 

AngU8t28> 9  81020 

81, 21009 

Sept.       7, 210IB 

9, 20-914 

10, 21-006 

Mean, .9  21000+0016 

Personal  Equation, — 0-058+0037 

Redaction  to  Greenwich  transit, +0*160 

Difference  or  Longitade, 9    21107JlO*039 

The  results  of  the  first  oomputation  were  as  follows : 

m. 

Brest— Greenwich 17     57124 

Brest  — Paris 27     18176 

Greenwich  — Paris 9     21-116 

differing  bat  very  little  from  the  preceding  values. 

The  sum  of  the  values  Brest  —  Greenwich  +  Greenwich  —  Paris 
exceeds  the  direct  determination  Brest  —  Paris  by  0073%  which 
is  within  the  limits  of  the  assigned  probable  errors.  If  we  now 
distribute  this  residual  among  the  three  values,  without  regard  to 
weights,  and  omit  the  thousandths  of  seconds,  we  shall  find  as  the 
resulting  longitudes : 

m. 

Brest — Greenwich 17     57-14 

Greenwich  — Paris 9     2108       ^ 

Brest— Paris  ......         27     18-22 

It  appears  that  the  uncertainty  of  any  of  the  above  values  does 
not  probably  exceed  0-03'.  If  we  compare  them  with  other  deter- 
minations heretofore  made,  we  find  that  Brest  —  Paris  was  deter- 
mined telegraphically  in  1863,  under  the  direction  of  Mr.  Le 
Verrier,  when  the  longitude  of  the  ^Hour  de  St.  Louis"  from  the 
^^Tneridienne  de  France"  (the  centre  of  the  Paris  obser\'atory)  was 
found  to  be  27"  18"49'  (Annales  de  I'Observatoire  de  Paris,  viii, 
1866,  p.  279).  In  order  to  reduce  our  own  result  to  the  same 
point  of  reference,  we  must  deduct  0.12  at  Paris  and  add  0.44'  at 
Brest,  whence  we  obtain  27"  18-54',  differing  but  0-05'  from  that 
found  by  the  French  operations,  which  were  very  elaborate  and  are 
published  in  full ;  or  if  we  compare  with  our  direct  determination, 
the  difference  is  only  0-08'. 
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The  longitude  betweenthe  observatories  of  Greenwich  and  Paris 
was  determined  in  1854  at  the  instance  of  Mr.  Le  Verrier.  The 
result  then  obtained,  9"  20-63%  which  is  nearly  half  a  second  less 
than  that  resulting  from  our  recent  work,  has  ever  since  been  ac- 
cepted, but  the  Paris  observations,  upon  which  it  depends,  have 
never  been  published.  Partly  owing  to  this  fact,  and  partly  be- 
cause in  tiiose  operations  the  chronographic  method  was  not  used, 
the  Central  European  Geodesic  Association  had,  at  its  session  at 
Vienna,  in  the  autumn  of  1871,  expressed  the  wish  that  it  should 
be  redetermined.  In  pursuance  of  this  expression,  Mr.  Delaunay 
had  already  entered  into  correspondence  with  Mr.  Airy  when  the 
American  party  came  into  the  field,  and,  desiring  to  refer  their 
longitude  to  each  observatory  independently,  obtained  leave  to  de- 
termine the  difference  between  the  same  as  an  incidental  part  of 
their  operations.  It  is  to  be  presumed  that  another  determination 
will  be  made  before  long  to  verify  this  important  datum. 

Another  combination  of  the  results  may  be  made  in  the  follow- 
ing manner.  Remarking  that  on  four  occasions  observations  were 
had  at  Greenwich,  Brest  and  Paris  on  the  same  evenings,  we  may 
deduce  the  longitude  Greenwich  —  Paris  directly,  without  using 
the  observations  at  Brest,  when  we  obtain 


m.  a. 


Greenwich  —  Paris, 

July 

9 

21-08S 

ii                «i 

(i 

•142 

«                           ii 

«< 

•072 

«<                           (1 

It 

•260 

Mean 

9 

21139 

personal  equation 

• 

-•121 

Longitude    . 

9 

21*018 

The  personal  equation  here  applied  is  that  between  Folain  and 
the  Greenwich  Standard  Observer  as  derived  through  Blake,  viz. : 
•053  -f-  -068,  as  previously  given  in  detail.  Combining  the  result 
of  these  four  nights  with  that  of  the  five  when  Blake  observed  at 
Greenwich,  viz. :  9"  22-107',  we  get  Greenwich  — Paris  9"  21-07'. 

Combining  farther  the  two  determinations  Brest  —  Paris  (1872), 
27"  18-20,  Brest —  Paris  (1863),  27"  18-17' and  Brest  —  Greenwich 
(1872),  17"  5716'  with  the  foregoing,  we  shall  obtain  as  the  most 
probable  values  that  can  be  assigned, 

ra.  s. 

Brest  —  Greenwich 17  57-14 

Greenwich — Paris 9  21-06 

Brest  — Paris 27  18-20 
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Bbest  —  St.  Pierre  —  Cambridge. 

It  was  intended  that  the  observations  at  and  exchanges  of  sig- 
nals between  the  American  stations  should  be  as  nearly  simulta- 
neous with  those  in  Europe  as  the  weather  might  allow,  in  order 
that  the  intermediate  stations  at  Brest  and  St.  Pierre  siiould  sen- 
sibly disappear  from  the  determination  of  the  longitude  of  Cam- 
bridge from  Greenwich  and  Paris.  Such  simultaneous  operations 
proved,  however,  to  be  impracticable  in  consequence  of  the  condi- 
tion of  the  cables.  The  long  cable  between  Brest  and  St.  Pierre 
was  working  badly,  and  required  to  be  repaired  before  it  was  fit 
for  our  use.  When  this  was  accomplished  it  proved  to  have  a  bet- 
ter insulation  than  ever  before,  and  transmitted  the  signals  with 
great  sharpness.  Meantime  the  cable  between  St.  Pierre  and  Dux- 
bury  hatl  been  broken  and  could  not  be  repaired  during  the  summer, 
in  consequence  of  which  our  arrangements  required  to  be  changed. 
Mr.  Dean,  who  had  charge  of  the  American  part  of  the  operations, 
at  once  proceeded  to  make  arrangements  for  exchanging  signals 
between  St.  Pierre  and  Cambridge  over  the  Nova  Scotia  and  New 
Brunswick  telegraph  lines,  connected  with  St.  Pierre  by  a  short 
cable,  and  working  with  ordinary  Morse  registers,  so  that  this  part 
of  the  work  offers  no  unusual  features,  the  signals  being  registered 
automatically  on  the  chronograph.  The  signals  sent  through  the 
Brest -St.  Pierre  cable,  on  the  contrary,  were  observed  by  means 
of  the  Thomson  galvanometer,  as  heretofore  described  in  the  ac- 
count of  the  1867  longitude  operations  by  Dr.  Gould.  The  cable 
was  working  so  well  that  no  special  battery  or  signal  arrangements 
were  required,  a  single  current  at  intervals  of  five  seconds  giving 
a  very  sharp  movement  of  the  index,  which  returned  to  its  zero 
before  the  next  signal  was  sent.  The  personal  equation  of  each 
observer,  in  perceiving  and  recording  these  signals  upon  his  chro- 
nograph by  tapping  a  key,  was  frequently  determined  by  means  of 
a  short  circuit,  and  was  found  to  be  very  constant  for  each  observ- 
er as  well  as  nearly  equal  for  both.  For  Blake  at  Brest  it  was 
0-24%  and  for  Goodfellow  at  St.  Pierre  0-23'. 

The  station  at  St.  Pierre  was  in  charge  of  Mr.  Edward  Good- 
fellow,  Assistant  in  the  Coast  Survey,  who  had  taken  part  in  the 
two  previous  determinations  of  transatlantic  longitude  by  cable. 
All  the  observations  were  made  by  himself.  The  observer  at  Cam- 
bridge was  Mr.  Edwin  Smith,  of  the  Coast  Survey.     The  instru. 
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ment  was  mounted  on  a  pier,  one  hundred  and  eight  feet  to  the 
west  of  the  observatory'  dome,  to  which  our  longitudes  are  usually 
referred,  requiring  a  reduction  of  0096*.  Three  piers  were  built 
in  this  temporary  observatory,  permitting  the  three  transit  instru- 
ments used  in  the  expedition  to  be  mounted  in  the  same  meridian 
at  one  time.  This  was  done  after  the  return  of  the  observers  from 
Europe  and  St.PieiTe,  for  the  purpose  of  determining  their  per- 
sonal equations  and  some  instrumental  constants.  The  instru- 
ments were  alike  in  construction,  having  forty-five  inches  focal 
length,  twenty-five  inches  transit  axis,  mounted  on  a  heavy  cast 
iron  stand  and  provided  with  a  reversing  apparatus.  They  diflfered, 
however,  in  the  an*angement  of  the  diaphragm  lines,  Mr.  Good  fel- 
low having  preferred  the  usual  spider  lines,  Mr.  Blake  a  system  of 
double  lines  ruled  on  glass,  and  Mr.  Smith  single  lines  ruled  on 
glass.  The  personal  equations  were  compared  by  each  observer 
determining  the  time  with  his  own  instrument  in  the  customary 
manner,  using  the  same  stars,  as  well  as  by  observing  at  the  same 
instrument  the  transit  of  the  same  stars  over  alternate  tallies  of 
lines.  The  results  by  the  two  methods  were  found  not  to  dififer 
sensibly. 

The  personal  equations  found  are 

Blake  places  himself  East  of  Smith  .         .        0*-07 

'*         "  "       West  of  Goodfellow  .         0»04 

Goodfellow  places  himself  East  of  Smith  .        O'll 

The  first  datum  only  enters  into  the  longitude  Cambridge  — 
Brest,  since  Goodfellow  occupied  an  intermediate  position. 

Advantage  was  taken  of  the  opportunity  of  placing  the  three 
transit  instruments  in  the  same  meridian,  for  the  purpose  of  test- 
ing them  as  to  fiexure  of  the  transit  axis,  by  compaiing  in  each  the 
line  of  collimation  as  indicated  by  reversals,  right  and  left,  with 
that  resulting  from  revolving  it  about  the  axis,  using  the  two 
other  instruments  as  collimators,  each  being  in  turn  placed  in  the 
middle.  The  collimation  resulting  from  the  observation  of  cir- 
cumpolar  stars  in  the  direct  and  reversed  positions  was  likewise 
compared  with  that  from  reversal  in  the  horizontal  direction  of  the 
telesoope,  using  the  adjoining  one  as  a  mark.  The  results  fully 
confirmed  that  there  are  no  sensible  inequalities  of  flexure  in  these 
instruments. 

At  the  request  of  the  Superintendent  of  the  U.  S.  Naval  Obser- 


Digitized  by  VjOOQIC 


▲.      MATHEMATICS,   PHT8I08  AMB  CHEMIftTRT.  157 

Tatory  in  Washington,  signals  were  also  exchanged  between  St. 
Pierre  and  Washington  daring  the  progress  of  the  work,  and  sub- 
sequently the  several  observers  compared  personal  equations.  Of 
this  portion  of  the  work  no  results  have  yet  been  reported.  The 
second  and  more  elaborate  computations  of  the  longitudes  St. 
Pierce — Brest  and  Cambridge — St.  Pierre  are  also  still  in  prog- 
ress while  this  report  is  going  to  press,  and  the  final  results  cannot 
therefore  be  given  at  this  time.  But  they  cannot  differ  materially 
from  those  of  the  preliminary  computations,  given  below,  which 
were  made  by  the  observers  in  the  field. 

The  difference  in  the  time  between  Brest  and  St.  PieiTe,  as  de- 
rived from  eastern  and  western  signals,  including  the  personal  equa- 
tions of  the  operators  and  the  time  of  transmission  forward  and 
back  through  the  cable,  was  on  the  average  1.19'  varying  flve-hun- 
dredths  from  the  mean.  Deducting  from  this  the  sum  of  the  per- 
sonal equations  0*47',  we  find  for  twice  the  tin^e  of  transmission 
through  the  cable,  0*72%  or  0*36'  for  a  distance  of  twenty-two  hun- 
dreil  nautical  miles.  The  signal  time  between  St.  Pierre  and  Cam- 
bridge was  0' 14*. 

The  following  are  the  results  for  longitude : 

h.      ■.         ■.         •. 

SL  Pierrc-^Brest,  mean  of  seven  nfgtaU 3  36   45*eb^o.05 

Cambridge^Brest,  mean  of  eight  nigtate 59   47*7b^u.08 

L_         Correction  for  personal  equation,  S.~B ~0'U7  j^O-OS 

Bedaction  to  Harvard  Obaervutory  dome >  0^ 

Harvard— Brest 4   26   33-8^j|^0.06 

Brest— Greenwich  (as  ubove) 17   67*U~^0*03 


Harvard— Greeuwioh 4   44   SO-SO'^O' 


07 


The  term  Harvard  is  here  used  to  denote  the  centre  of  dome  of 
the  Harvard  College  Observatory  at  Cambridge,  U.  S. 

Comparing  now  this  result  with  those  formerly  obtained,  we  have 
for  the  operations  of  1870 : 

b.     Bk        a.  f. 

Cambridge  transit— Daxbury 0  1    60*23^0*09 

Bedaction  transit  to  dome —004 

Dnxbary— Brest,  station  of  1870 4  34    42  87]^0 *05 

Seduction  station  1870  to  lS7'i -H)*79 

Brest,  1872— Greenwich 0  17   67'U^0'2S 

Harvard— Greenwioh 4   44   30  OO'^O'OO 
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The  figures  for  Cambridge — Diixbury  and  Duxbury — Brest  are 
taken  from  No.  xvi,  Memoirs  of  the  American  Academy,  Cam- 
bridge, 1873,  by  Prof.  J.  Levering,  who  had  charge  of  the  compu- 
tations. By  reference  to  that  publication  it  will  seem  that  in  those 
operations  the  ends  of  the  two  cables  were  joined  at  St.  Pierre,  by 
bringing  their  several  condensers  into  contact,  and  in  this  way  the 
signals  were  exchanged  between  Brest  and  Duxbury.  The  method 
of  transmission  was  thus  quite  different  in  the  two  campaigns,  and 
the  close  agreement  of  results  can  only  be  held  as  dissipating  all 
doubt  as  to  the  sensible  equality  of  the  rate  of  transmission  in  op- 
posite directions. 

We  will  finally  compare  the  preceding  results  with  those  ob- 
tained in  1886  through  the  Ireland-Newfoundland  cables  by  the 
operations  conducted  by  Dr.  B.  A.  Gould,  a  full  account  of  which 
is  published  in  the  Coast  Survey  Report  for  1867,  and  also  in 
volume  xvi  of  the  Smithsonian  Contributions.  The  results  there 
given  lack  one  link  in  order  to  be  complete,  that  being  the  per- 
sonal equation  between  Mosman,  the  observer  at  Foilhommerum, 
and  the  standard  observer  at  Greenwich.  This  defect  we  have 
endeavored  to  supply,  as  far  as  is  practicable  after  the  lapse  of 
some  years,  through  the  personal  equations  between  Mosman.  Blake 
and  the  Greenwich  observers  in  the  following  manner.  The  w^ell 
ascertained  equation  between  Blake  and  Mosman  is  that  Blake 
places  himself  0*09'  to  the  west  of  Mosman.  He  is,  moreover, 
007'  to  the  east  of  the  present  Greenwich  standard  observer  (Cris- 
wick),  who  again  is  -11'  to  the  east  of  the  standard  observer  of 
1867  (Dunkin).  Hence  we  deduce  that  Mosman  placed  himself 
0  05*  more  east  than  Dunkin,  and  the  former  difference  of  longitude 
between  Greenwich  and  Foilhommerum  must  be  increased  by  that 
amount. 

The  figures  given  in  the  publications  above  referred  to  require 
some  other  corrections  in  consequence  of  the  personal  equations 
having  been  applied  with  the  wrong  sign.  We  therefore  recite  the 
several  links  of  the  combination  as  follows : 

h       m  ■ 

I860.  Greenwich  to  Foilhommernm 0  41  33*34 

Ism.  Foilhommerum  1.0  IIearl'8  Content i  61  50-32 

1866.  IIeart'6  Content  to  Calais 0  65  S7't>7 

1&57.  Calais  to  Bangor 0  6  00-31 

1851.  Bangor  to  Harvard  Observatory 0  9  2306 

Greenwich  Co  Harvard  Observatory..... ...I    44    31*00 

Considering  the  number  of  separate  determinations  entering 
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into  this  result,  we  cannot  well  ascribe  it  to  a  probable  error  less 
than  ±  0'10%  even  when  dismissing  all  further  question  of  the  in- 
equality of  transmission  time  in  opposite  directions.  The  close 
agreement  of  the  three  independent  determinations  made  in  dif- 
ferent years  is  therefore  no  less  surprising  tlian  it  is  satisfactory. 
We  have : 

LOKGITCDE  OF  HARVARD   OBSERVATORY    FKOM  GREENWICH. 

h.       m.  s.  ■. 

1866 4    44      81-00+010 

1870 80-90+0.06 

1872 i 30-96+0.07 

Mean 4    44      30-98+0.05. 

To  deduce  finally  the  longitude  of  the  dome  of  the  U.  S.  Naval 
Observatory  in  Washington  City,  we  add  23"  41*1 1',  the  value  de- 
duced from  the  elaborate  determinations  in  1867,  published  in  the 
Coast  Survey  for  1870  (Appendix,  No.  13),  and  find 

Washington  — Greenwich    .         .         .         5"  08"  12-09', 
and  further,  using  the  value  Greenwich — Parish  9"  21-06  above 
obtained,  we  have 

Washington  —  Paris    ....         5'17"33-15'. 


Apparatus  for  Illustrating  the  variation  of  Wave  Lengths 
BY  the  Motion  of  its  Origin.  By  E.  S.  Morse,  of  Salem, 
Mass. 

abstract. 
The  interesting  discoveries  of  Huggins  and  others,  in  determin- 
ing the  direction  of  movements  of  bodies  in  remote  star  depths, 
from  displacement  of  lines  in  the  spectrum,  were  first  alluded 
to.  It  is  well  known  that  when  a  star  is  approaching  the  ob- 
server the  luminiferons  waves  emitted  by  it  are  crowded  to- 
gether, and  on  the  contrary  are  separated  when  the  star  is  receding. 
To  illustrate  this  change  in  the  wave  lengths,  so  that  it  may  be 
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fairly  comprehended  by  students  and  the  public  at  large,  varioas 
comparisons  have  been  made,  among  the  best  of  which  is  that  of 
Pfoctor,  often  quoted  by  Tyndall,  which  embraced  the  conception 
of  a  person  dropping  periodically  a  series  of  corks  into  a  stream. 
If  the  person  dropping  the  corks  stands  in  one  place,  they  will  be 
for  instance,  three  feet  apart ;  if  he  moves  with  the  stream  at  a 
given  rate,  they  will  be  say  two  feet  apart ;  if  he  moves  up  the 
stream,  dropping  them  at  the  same  rate,  they  will  be  four  feet 
apart.  Another  comparison  is  taken  from  the  sound  of  the  whistle 
of  an  approaching  locomotive,  which  increases  in  sharpness  be- 
cause the  vibrations  are  more  rapid ;  or,  receding,  diminishes  in 
pitch.  But  the  latter  comparison  fails  in  correctness,  because  the 
waves  of  light  and  sound  are,  strictly  speaking,  incomparable  — 
those  of  sound  moving  in  pulsations,  those  of  the  luminiferous 
ether  in  undulations. 

Fig.  1. 


O-K^ 


MACHINE  TO  SHOW  VARIATION  OF  WAVE  LENGTHS. 
Fig.  1.    Appearance  of  waveB  when  the  source  ttom  which  they  start  is  at  rest. 
Fig.  2.    Shortened  waves,  when  the  machine  producing  them  moyes  in  the  direction 
of  their  motion ;  e.  g.^  in  the  case  of  a  star  approaching  the  obseryer. 
Fig.  8.    Lengthened  waves,  when  tlieir  source  is  moving  in  a  contrary  direction. 

A  plan  of  an  instrument  was  given  by  which  this  phenomenon 
in  the  case  of  light  may  be  easily  and  plainly  illustrated 
before  a  large  audience.  The  instrument  consists  of  a  tank 
filled  with  water  and  set  on  wheels.  On  top  of  this  is  a  compart- 
ment containing  compressed  air.  From  one  end  of  the  tank  a 
pipe  protrudes,  which  is  moved  up  and  down  at  a  fixed  rate  by 
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simple  clockwork.  When  the  cock  is  opened,  allowing  the  water 
to  escape  from  the  pipe,  the  stream  assumes  a  sinuous  line,  which 
may  be  shown,  if  brilliantly  lighted,  across  a  large  audience  hail. 
This  undulatory  stream,  when  the  tank  is  at  rest,  illustrates  a 
luminiferous  wave  from  a  stationary  source.  To  exhibit  the  short- 
ening or  lengthening  of  the  waves  of  light  by  the  approach  or 
recession  of  the  luminiferous  body,  it  is  only  necessary  to  move 
tlie  apparatus  rapidly  back  and  forth  on  the  table.  As  the  appa- 
ratus moves  with  the  direction  of  the  stream  its  undulations  are 
crowded  togetlier,  and  the  waves  are  consequently  shortened.  On 
the  other  hand,  when  the  motion  of  the  apparatus  is  in  an  oppo< 
site  direction,  the  waves  are  proportion  ably  lengthened.  The 
advantage  of  this  illustration  is  that  it  exhibits  precisely  what 
takes  place  in  the  luminiferous  waves  approaching  or  receding 
from  the  observer  of  celestial  bodies,  producing  the  displacement 
of  spectrum  lines. 


Thk  Solar  Photosphere.  By  S.  P.  Langley,  of  Allegheny, 
Pennsylvania. 
Having  been  engaged,  more  or  less,  for  the  past  three  years  on 
the  study  of  the  Solar  Photosphere,  I  desire  to  give,  on  the  part 
of  the  Allegheny  Observatory,  some  brief  account  of  the  nature 
of  this  portion  of  its  work  in  advance  of  a  more  complete  pub- 
lication. The  labors  of  Schwabe,  Carrington  and  others  abroad, 
and  of  Peters  in  this  country,  have  been  directed  to  the  deter- 
mination of  the  laws  of  the  motions  of  spots  upon  the  solar 
surface  from  drawings  and  measurements,  and  these  (supplemented 
by  photography  since  for  the  same  purpose,  at  Kew  and  else- 
where) have  left  little  for  others  to  add  in  that  branch  of  the 
subject.  The  field  of  solar  research,  however,  is  unlimited,  and 
the  interesting  questions,  raised  by  the  discussion  of  recent  the- 
ories as  to  the  nature  of  cyclonic  action,  led  me  to  commence  a 
series  of  drawings  in  which  the  attempt  was  made  accurately  to 
delineate  upon   the  largest  practicable  scale  some  one  spot  or 
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group,  from  the  time  of  its  first  appearance  at  the  eastern  limb, 
daily,  until  it  passed  from  view,  for  the  specific  purpose  of  deter- 
mining the  extent  of  any  gyratory  movement  of  the  spot  upon 
its  own  axis,  or  any  motion  of  its  parts  among  themselves,  and 
not  with  the  aim  of  ascertaining  the  laws  of  its  movement  of 
translation.  While  the  heliocentric  coordinates  were  therefore 
determined  onl}'  with  a  precision  suflUcient  to  indicate  the  spot's 
approximate  place,  the  drawing  itself  was  rather  a  map  than  a 
picture,  being  intended  to  embody  tlie  results  of  micrometrical 
measurements  throughout.  I  have  in  accumulating  many  data 
of  this  kind,  which  are  still  awaiting  reduction,  been  led  inci- 
dentally to  a  study  of  the  minuter  details  of  the  surface,  and  to 
an  impression  that  the  interest  of  recent  spectroscopic  discoveries 
has  rather  unduly  diverted  attention  from  what  remains  to  be  done 
by  the  older  methods.  Althougli  considerable  labor  has  been  de- 
voted at  Allegheny  to  the  class  of  observations  to  which  I  refer, 
as  well  as  to  a  revision  of  the  early  researches  of  Henry  with  the 
thermopile,  and  the  subsequent  onesof  Secchi,  I  wish  here  to  give 
only  some  brief  account  of  researches  carried  on  with  the  tele- 
scope alone,  and  >yhich  seem  to  me  to  offer  some  suggestions 
which  may  be  of  Interest  in  reference  to  physical  theories  of  the 
solar  circulation,  since  they  are  obtained  by  a  method  independent 
of  the  spectroscopic  researches  upon  which  these  theories  have 
of  late  been  chiefly  based. 

I  may  presume  that  every  student  of  the  subject  is  acquainted 
with  the  controversy  which  arose  some  ten  years  since  out  of  Mr. 
Nasmyth's  supposed  discovery  that  the  solar  photosphere  was 
composed  of  bodies  shaped  like  willow  leaves,  very  definite  in 
outline  and  about  0-4''  in  width  by  2-00"  in  length.  Since  that 
discussion,  which  left  our  knowledge  of  the  minute  structure  of 
the  photosphere  still  in  an  unsatisfactory  state,  very  little  indeed 
has  been  done  in  this  direction,  and  what  observations  have  since 
been  added  have  been  often  so  apparently  contradictory,  that  I 
think  it  would  be  difficult  to  point  to  an  account  of  any  consid- 
erable detail  which  has  not  been  controverted  or  left  in  doubt  by 
some  other  observer. 

The  cause  of  this  lies  chiefly  in  the  extreme  difl3culty  of  such 
observation,  yet  not  wholly.  The  nomenclature  of  the  subject  is 
in  a  regrettable  confusion,  scarcely  any  two  observers  using  their 
descriptive  terms  in  the  same  sense.     To  fix  my  own  meaning 
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let  me  premise  that  by  the  "nuclei"  of  a  spot,  I  refer  to  certain 
dark  shades  discernible  b}'  special  caution  within  the  umbra,  in 
some  cases,  and  that,  while  not  using  the  word  with  the  exact  sig- 
nificance that  Mr.  Dawes  seems  to  have  attached  to  it,  I  agree 
with  him  in  employing  it  in  this  restricted  sense,  where  others 
have  made  it  a  synonyme  for  the  umbrae  themselves.  By  "pores" 
I  mean  relatively  dark  portions  of  the  photosphere,  where  the 
withdrawal  of  the  aggregations  of  luminous  matter  for  a  little 
space  exposes  a  relatively  gray  medium,  in  which  these  incan- 
descent aggregations  appear  elsewhere  to  float.  The  word  "rice- 
grains"  I  use  provisionally  in  the  sense  apparentl}"^  attached  to  it 
by  Mr.  Stone.  As  it  will  appear  from  all  I  have  said  that  there 
is  a  peculiar  liability  to  misconception  here,  1  aid  the  explanation 
of  my  meaning  as  I  go  on,  by  these  colored  drawings,^  and  will 
first  briefly  describe  the  appearance  of  the  photosphere  in  tele- 
scopes of  moderate  power  and  in  good  photographs,  in  order  to 
prevent  any  confusion  of  what  is  thus  seen,  with  that  of  the  minute 
structure  hereafter  described  as  visible  in  the  most  powerful  tele- 
scopes only  under  favorable  circumstances. 

When  with  a  telescope  of  moderate  power,  we  project  the  image 
of  the  sun  upon  a  white  surface,  we  see  a  disc  of  nearly  uniform 
brightness,  but  which  is  yet  perceptibly  grayer  at  the  circumference 
than  near  the  centre.  Elongated  and  very  irregular  patches  of 
white  are  seen  near  the  edges  (very  commonly  surrounding  a  spot 
there)  in  relief  against  this  gray,  and  these  (which  are  the  well- 
known /acu/ce)  and  the  spots  themselves  are  all  that  at  first  sight 
appear  to  break  the  uniformity  of  the  disc.  Let  us  discard  them 
from  mind  and  confine  our  attention  to  the  nearly  uniform  white 
surface  of  the  central  part  of  the  sun.  "^  With  proper  care,  and 
while  still  using  a  moderate  aperture,  this  surface  is  seen  to  be 
mottled  with  small  cloud-like  forms,  which  are  of  no  definable 
shape,  and  which  elude  any  attempt  to  delineate  their  outline. 
They  may  be  observed  in  some  superior  photographs  of  the  sun 
notably  in  those  obtained  by  Mr.  Rutherford,  and  in  those  taken 
at  Cambridge  by  the  reflecting  mirror  and  long  horizontal  tele- 
scope as  used  ))y  Professor  Winlock.  They  are  only  well  seen, 
however,  in  a  comparatively  small  number  of  photographs,  and 
appear  to  be  missed  when  the  atmosphere  is  not  in  a  very  favor- 
able state.  Still  they  are  visible,  as  1  say,  in  the  projected  image 
>Tbree  drawings  In  color  were  exhibited  at  the  time  the  paper  was  rend. 
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obtained  from  a  telescope  of  moderate  power.  Their  general  ap- 
pearance may  be  not  inaptly  compared  to  that  of  flocks  of  wool 
strewn  on  a  white  cloth,  from  which  tlieir  color  is  just  distinguish- 
able, and  I  mention  tliis  fleecy  structure,  seen  in  ordinary  tele- 
scopes and  good  pliotographs,  only  to  request  that  it  may  in  no 
wa}'  be  con  rounded  with  its  far  more  minute  components  I  am 
about  to  describe. 

We  shall  shortly  have  occasion  to  look  in  the  white  photospheric 
surface  for  bodies  which  are  nearly  its  own  color,  and  whose  prob- 
able diameter  is  less  than  0  y  of  an  arc,  and  as  these  lie  close  to- 
gether, it  is  evident  that  however  bright  the  light,  we  cannot  avoid 
the  indeflniteness  caused  by  diffraction  without  the  use  of  aper- 
tures, at  least  as  large  as  those  requisite  for  the  closest  double 
stars.  We  must  of  course  then  use  for  this  research,  telescopes 
such  as  are  seldom  found  in  private  hands,  and  this,  with  the  in- 
trinsic interest  of  the  study,  points  it  out  as  a  fit  subject  for  the 
employment  of  the  large  equatorials  of  our  regular  observatories. 
That  of  the  Allegheny  Observatory,  employed  in  the  present  case, 
has  thirteen  inches  of  aperture. 

When  we  use  a  large  teles(50pe  upon  the  sun,  we  find  two  great 
difficulties ;  one  the  excessive  liglit  and  heat,  the  other  the  dis- 
turbance produced  in  our  own  atmosphere,  and  which  is  gt*eater 
by  day  than  by  night.  For  the  first  difficulty  we  employ  special 
optical  aids  such  as  the  Dawes  eye-piece  or,  far  better,  the  polar- 
izing eye-piece,  which  gives  an  imnge  of  the  sun  sensibly  devoid 
of  color,  and  of  any  brightness  desired.  For  the  second  there  is 
no  remedy  but  assiduity  and  patience. 

In  this  kind  of  investigation,  drawings  are  very  necessary,  but 
rather  such  as  emulate  the  fidelity  of  the  topographical  draughts- 
man, than  such  as  aim  primarily  at  pictorial  effect.  I  am  accus- 
tomed to  try  to  secure  accuracy  in  the  numerous  details  which 
the  photograph  cannot  yet  reach,  by  reducing  everything  to  mi- 
crometrical  measurement,  where  it  is  possible.  A  very  useful  help, 
where  we  have  a  large  equatorial  provided  with  clock-work,  is  to 
attach  to  the  instrument  a  light  frame,  which  holds  a  sheet  of 
pai)er  at  any  convenient  distance  from  the  e^-e-piece,  and  perpen- 
dicular to  the  optical  axis.  The  Position  Filar  Micrometer  being 
in  its  place,  when  the  instrument  is  turned  on  the  sun,  an  en- 
larged image  of  the  spot  is  projected  upon  the  paper,  and  the 
wires  of  the  micrometer  along  with  it.     Then  the  pix>jection  of  the 
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spot  may  be  made  to  run  along  the  projection  of  the  wire,  just  as 
a  star  is  made- to  run  along  the  wire  itself,  and  measurements  may 
be  made  both  of  position  and  magnitude,  as  accurately  as  in  any 
ordinary  use  of  the  instrument,  and  with  a  rap  dlty  otherwise 
unattainable;  —  a  rapidity  indispensable  in  an  object  which  so 
incessantly  changes  its  form.  In  practice  it  is  usually  even  yet 
better  to  <lraw  an  accurate  scale  upon  the  piper  itself,  to  ascertain 
its  value  in  arc  by  the  transit  of  the  solar  limb  over  it,  and  tlien 
to  trace  the  outlines  of  the  spot  directly  on  the  paper,  on  which  it 
i*eraains  fixed  while  the  sheet  is  carried  along  by  the  clock-work. 
This  projection  it  will  be  understood  is  merely  a  skeleton  to  be 
enlarged  and  filled  in  by  subsequent  direct  study  with  the  polar- 
izing eye-piece,  to  which  the  ordinary  micrometer  is  not  well 
adapted.  For  the  still  enhanced  accuracy  of  work  with  this  (the 
polarizing  eye-piece).  Professor  Rogers,  now  of  the  Harvard  Col- 
lege Observatory,  has  had  the  goodness  to  rule  for  me  two  of  his 
very  beautiful  glass  reticules,  which  may  also  be  employed  in  the 
focus  with  a  full  aperture  where  the  common  web  would  be  burned. 
I  have  not  yet,  however,  had  an  opportunity  of  using  these  reti- 
cules to  their  full  advantage,  and  have  temporarily  employed 
coarser  graduations  on  mica,  as  a  special  micrometer  for  use  with 
the  polarizing  eye-piece.  With  an  instrument  1  designed  some 
years  since,  and  in  which  the  ray  is  polarized  with  three  successive 
reflections,  the  eye  may  be  placed  in  the  actual  solar  focus  of  the 
lens  of  thirteen  inches  aperture  without  the  intervention  of  any 
colored  mediums  and  without  inconvenience. 

When  with  such  improved  optical  and  other  aids,  we  now  return 
to  the  study  of  the  photosphere,  we  are  enabled  to  see  that  the 
fleecy  or  clond-Iike  surface,  first  montioned,  is  a  singularly  complex 
structure.  Isolate,  as  far  as  we  can,  any  one  of  these  scarcely 
distinguishable  fleeces  on  the  solar  surface,  its  surface  in  turn  is 
found  to  be  covered  with  small  patches  of  gray,  united  by  whiter 
lines  of  most  irregular  form,  and  which  it  is  hard  to  distinguish 
clearly  from  the  background,  which  they  so  much  resemble  in 
color.  The  size  of  these  gray  patches,  which  have  received  the 
name  of  pores,  is  very  various,  and  they  appear  to  be  caused  by 
the  absence  of  the  clusters  of  whiter  nodules  which,  as  it  will  be 
seen,  make  up  the  photosphere.  The  great  variety  in  their  sizes 
and  shapes  makes  any  direct  estimate  of  their  magnitude  unreli  - 
able,  but  we  may  say  in   a   roughly  approximate  wa}^  that   the 
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average  linear  diameter  of  the  more  conspicuous  pores  is  from  2" 
to  3^'  of  arc.  The  photospheric  surface  is  filled  with  small,  in- 
tensely bright,  masses,  chiefly  oval  or  elongated,  half  defined  by 
a  faint  gray  background  from  which  they  are  just  distinguishable, 
which  blend  into  each  other,  and  in  looking  at  which  the  eye  is 
tantalized  by  the  fitful  appearance  of  a  still  more  minute  subdi- 
vision, which  is  rather  suspected  than  seen.  The  fleecy  appear- 
ance seen  in  good  photographs,  and  which  has  been  before  de- 
scribed, is  due  then  to  the  aggregation  of  these  forms,  which  I 
understand  to  be  designated  by  the  term  "rice-grains."  Finally, 
in  moments  of  the  very  rarest  deflnition,  with  large  apertures  and 
very  considerable  magnifying  powers,  these  "rice-grains"  or 
"granules,"  I  have  in  turn  resolved  into  unequally  brilliant  minute 
nodules,  circular  or  very  slightly  elongated,  each  usually  separate 
and  distinct  (as  although  numbers  of  them  may  be  in  juxtaposi- 
tion their  lines  of  demarcation  are  yet  visible),  and  whose  average 
diameter  is  probably  much  within  one-half  of  a  second  of  arc. 
The  ultimate  structure  then,  of  the  photosphere,  is  found  to  con- 
sist of  these  seemingly  discrete  bodies,  which  float,  as  it  were,  in 
an  ocean  of  comparatively  gray  fluid.  These  bodies  are  visibly 
the  principal  source  of  the  solar  light,  their  remarkable  individu- 
ality being  perhaps  on  the  whole  their  most  notable  feature.  The 
aggregation  of  these  excessively  minute  nodules  forms  the  "rice- 
grains"  themselves  seen  in  large  telescopes  only  under  more  than 
ordinarily  favorable  circumstances ;  and  the  aggregation  of  "rice- 
grains,"  and  "pores"  combines  with  confused  definition  to  present 
the  fleecy  appearance  which  is  generally  easily  recognized,  and  which 
bears  some  resemblance  to  our  clouds,  while  for  the  primary 
components  I  know  of  no  analogy  in  our  terrestrial  atmosphere. 
Considering  that  Mr.  Nasmyth's  "willow-leaves"  are  something 
like  two  entire  seconds  of  arc  in  length,  and  that  the  photosphere 
has  been  resolved  by  Secchi,  and  perhaps^by  others  besides  the 
writer,  into  discrete  bodies  of  less  than  one-fourth  this  size,  it  is 
allowable  to  say  with  confidence,  that  if  such' willow-leaved  shapes 
always  exist,  they  would  have  been  seen.  Still  I  think  from  Mr. 
Nasmy til's  drawings,  that  he  was  the  first  or  among  the  first  to  get 
an  idea  (tiiough  a  partially  incorrect  one)  of  the  ultimate  struct- 
ure of  the  photosphere  ;  and  those  only  who  know,  from  their  own 
experience,  that  sometimes  three  months  of  daily  observation 
will  not  in  our  climate  yield  in  the  aggregate  fifteen  minutes  of 
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such  study  seeing  that  these  * 'rice-grains"  even  can  be  clearly  dis- 
tinguished frona  each  other,  with  the  best  optical  means,  will  under- 
stand how  easy  it  is  for  conscientious  and  able  observers  to  differ 
among  themselves  as  widely  as  Nasmyth,  Dawes,  Secchi  and 
others  did  at  first,  in  their  accounts  of  this  singularly  interesting, 
but  singularly  difficult,  observation.  Let  us  now  study  these 
bodies  in  the  vicinity  of  a  sunspot,  and  in  the  spot  itself,  of  which 
the}'  constitute  under  a  modified  form  the  most  important  feature. 
Let  us  view  them  in  some  small  isolated  spot  before  we  examine 
them  in  larger  and  more  complex  ones. 

As  we  approach  the  spot,  we  see  them  elongated  and  protruding 
upon  the  gray  boundary  of  the  penumbra.  This  penumbral  edge 
is  always,  I  think,  far  more  irregular  than  ordinarily  drawn,  and 
its  irregularities  are  resolved  in  the  best  seeing  into  these  minute 
ultimate  constituents  of  the  solar  surface.  The  outer  border  of 
the  penumbra,  it  is  readily  observed,  is  darker  than  its  interior 
edge  ;  but  it  is  a  fact  of  interest  I  have  not  seen  remarked  upon, 
that  this  outer  penumbral  shade  is  nothing  else  than  the  gray  in- 
terstitial matter,  which  covers  the  whole  solar  surface,  and  in  vrhich 
the  "rice-grains"  appear  elsewhere  as  suspended.  The  impression 
is  vividly  conveyed  in  good  seeing  that  these  "rice-grains"  are 
really  filaments  of  considerable  length,  whose  extremities  only  are 
seen  on  the  surface  (a  fact  first  discovered  I  think,  by  Mr.  Dawes), 
and  that  there  is  a  break  in  their  continuity  around  the  spot. 
They  are  dimly  seen  occasionally  through  this  gray  penumbral 
edge,  and  reappear  as  the  well-known  "thatch-straws"  of  Dawes 
over  all  the  inner  part  of  the  penumbra,  and  especially  where 
they  are  seen  projected  on  the  darker  umbral  shade.  It  will 
be  understood  that  I  find  both  rice-grains  and  thatch-straws 
are  in  turn  resolvable,  and  that  I  consider  the  "rice-grain"  and 
"  thatch-straw,"  one  and  the  same  thing  under  different  a8i)ects, 
and  that  both  consist  of  a  union  of  more  minute  filaments.  I  will, 
however,  continue  to  use  the  term  (filament)  here,  in  the  sense 
in  which  it  is  employed  by  others,  though  it  should  perhaps  be 
reserved  to  indicate  this  minutest  and  scarcely  recognized  subdi- 
vision. 

We  can  derive  most  efsential  aid,  in  the  study  of  currents  within 
the  spots,  from  these  filaments,  the  spectroscope  telling  us  partly 
of  the  direction  of  the  motion,  but  nothing  definite  as  to  the  loca- 
tion and  inclination  of  the  currents  whose  interaction  is  so  well 
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wortli  study.  Their  disposition  enables  us  to  see,  I  think,  that  the 
theory  of  the  sun-spot  so  ably  developed  by  Faye,  and  which  is  so 
fertile  in  explanation  of  the  most  diverse  phenomena,  is  yet  to  be 
extended  or  modified  in  some  details.  There  appears  for  instance 
to  be  a  less  marked  cyclonic  action  in  the  small  and  unsegmented 
spots.  So  far  as  my  observation  has  gone,  these  filaments  are  not, 
in  such  cases,  to  be  ordinarily  seen  bent  by  any  single  whirlwind 
so  that  the}'  have  a  common  spiral  tendency.  Not  un frequently  the 
filaments,  or  rather  the  thatch-straws,  are  short,  nearly  straight, 
and  lying  in  quite  different  directions  like  a  heap  of  jackstraws.  It 
is,  it  is  true,  the  rule  and  not  the  exception  to  find  them  curved, 
but  it  is  ordinarily  by  what  seems  to  be  the  action  of  small  and 
independent  local  whirlwinds.  A  gyratory  movement  of  the  spot 
as  a  whole,  about  a  motionless  axis,  may  exist,  but  it  is  not  plainly 
marked  on  the  filaments,  which  are  such  sensitive  indices  of  other 
local  action.  Nearly  associated  with  these  small  local  whirlwinds 
are  the  evidences  apparently  of  both  an  upward  and  a  downward 
current,  in  the  umbra  of  the  same  spot,  and  sometimes  of  several 
such.  The  polarizing  eye-piece  shows  that  the  nuclei  or  darker 
shades  of  the  umbra  occupy  no  certain  position  near  the  centi'e, 
such  as  Mr.  Dawes  was  disposed  to  assign  them,  and  that  the  um* 
bra  itself  is  a  very  complex  structure,  crossed  not  only  by  the 
well  known  bridges  or  bright  ropes  of  filaments  which  invade  and 
lie  along  it,  like  tangled  white  threads  upon  an  ink  spot,  but  that 
it  (the  umbra)  is  made  up  largely  of  these  same  filaments,  which 
are  dimly  seen,  as  it  were,  beneath  its  surface,  and  often  of  a  red- 
dish brown  on  the  violet  purple  of  the  umbra,  which  is  also  some- 
times studded  with  minute  points  of  light,  formed  apparently  by 
the  tips  of  the  filaments  which  are  occasionally  presented  to  us 
here  in  the  same  foreshortened  position,  as  on  the  general  surface. 
In  Secchi's  work,  nuibral  colors  are  occasionally  depicted  of  as 
vivid  a  crimson  as  that  of  incandescent  hydrogen  seen  on  a  bright 
background.  This  intensely  vivid  crimson  I  have  not  observed, 
though  a  brick-red  tint  is  not  uncommon.  If  the  downward  cur- 
rent were  at  the  centre  of  the  spot,  and  the  compensating  uprush 
at  the  edge  of  the  umbra,  we  might  expect  to  find  the  ends  of  the 
filaments  which  overhang  the  umbra,  bri^iter  than  elsewhere,  and 
this  is  ordinarily  the  case,  but  it  is  a  rule  not  without  exceptions. 
1  have  seen  these  bright  threads  of  light  bending  down  and  grow- 
ing darker  as  though  further  and  further  immersed  in  some  dark 
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fluid ;  like  rashes  overhanging  a  turbid  stream,  in  wliich  their 
points  are  dipped  and  in  which  the  eye  can  follow  them  below  the 
surface.  I  have  seen  again  these  thatch-straws  presenting  an  ap- 
pearance analogous  to  that  to  which  geologists  give  the  name  of 
a  "  fault ;  "  as  if  broken  with  a  continuous  line  of  fracture  running 
transversely  to  their  length,  over  nearly  one-third  the  circumfer- 
ence of  a  spot,  and  the  lower  portion  partly  overflowed,  if  I  may 
use  the  term,  by  the  umbral  shade. 

It  appears,  then,  that  even  in  small  spots  there  are  sometimes 
several  centres  of  action,  and  this  view  is  somewhat  strengthened 
by  the  fact  that  a  cyclonic  action  extending  uniformly  over  the 
whole  spot  is  so  rare.  The  filaments,  though  very  generally  bent, 
are  bent  in  different  directions,  and  as  though  by  many  small  and 
independent  whirlwinds,  moving  in  concert  as  we  may  see  them  in 
a  dusty  street.  I  have  also  frequently  observed  in  these  filaments 
evidence  of  superposed  currents,  nearly  as  definite  as  that  we  ob- 
tain when  we  look  up  to  our  sky  to  see  one  set  of  clouds  moving 
over  and  in  an  opposite  direction  to  another. 

I  cannot  convey  without  drawings  made  with  more  graphic 
skill  than  I  possess,  an  adequate  idea  of  the  extraordinary  forms 
these  filaments  assume,  but  I  would  insist  on  the  fact  that  they, 
under  almost  all  circumstances,  preserve  the  appearance  of  individ- 
ual bodies.  Whether  seen  on  the  general  photosphere,  or  in  the  pe- 
numbra, or  projected  on  the  umbra,  they  rarely  or  never  seem  to 
merge  into  one  another;  however  they  may  be  massed  together 
and  twisted  by  the  solar  whirlwinds,  they  remain  distinct  like  the 
strands  of  a  rope.  Even  in  the  bridges  of  light  over  the  umbra, 
which  appear  at  first  to  be  composed  of  a  fusion  of  them,  a  fine, 
scarce!}'  visible  dark  line  may  be  traced  in  good  seeing,  along  the 
bridge,  which  testifies  to  the  unsurrendered  individuality  of  the 
component  parts.  It  is  very  diflScult  to  conceive  of  matter  in  any 
form  that  we  know  it,  which  would  behave  just  as  this  does. 
They  (the  filaments)  are  seen  at  times  bending  into  graceful  flame- 
like curves  as  though  perfectly  pliable ;  at  other  times  they  may 
be  found  (apparently)  broken  abruptly.  They  are  collected  at 
times  in  the  large  spots  into  forms  of  the  most  tantalizing  com- 
plexity, strangely  suggesting  something  that  is  both  foliate  and 
cr^'stalline  in  structure,  and  I  have  seen  snch  which  could  be  com- 
pared to  the  most  complex  and  beautiful  forms  ever  traced  by  the 
frost  on  a  window    pane.     In  some  large  spots,  the  centres  of 
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violent  disturbances,  I  have  seen  in  those  very  moments  when 
the  highest  power  of  a  great  telescope  may  be  used,  forms  of  which 
I  should  almost  hesitate  to  present  an  uncorroborated  delineation, 
were  I  able,  so  unlike  are  they  to  those  commonl}'  depicted  in 
sun-spot  drawings,  and  so  curiously  do  these  exceptional  forms 
simulate  those  of  vegetation.  Even  the  generally  excellent  draw- 
ings of  Socchi  completely  fail  here,  as  indeed  anything  but  the 
photograph  must  fail,  and  our  subject  is  unhappily  far  beyond  the 
reach  of  anything  solar  photography  has  done  yet. 

As  to  the  size  of  these  rice-grains  or  filaments,  it  will  be  remem- 
bered  that  estimates  of  the  most  varied  kind  have  been  made  by 
skilled  observers.  Chacornac,  in  a  communication  to  the  "  Comp- 
tes  Rend  us  "  of  the  Institute,  states  that  he  finds  the  average 
diameter  of  the  rice-grains  to  be  one  hundred  and  sixt^^  leagues, 
which  is  almost  precisely  1"  of  arc.  Nasmyth  makes  their  length 
something  like  twice  as  great,  and  Secchi  gives  a  value  very  much 
less  than  either.  I  have  made  one  set  of  measurements  with  the 
mica  scale,  the  value  of  whose  division  was  approximately  15",  by 
counting  the  number  of  umbral  threads  to  each  division.  The 
mean  of  three  such  measurements  gave  1-14"  as  the  distance  of 
the  observed  threads  from  centre  to  centre.  The  measurements 
were  made  with  the  polarizing  eye-piece,  but  were  varied  on  one 
occasion  when  .the  atmosphere  was  so  exceptionally  tranquil,  that 
the  solar  image  could  be  projected  upon  a  graduated  screen  with 
such  definition  that  the  individual  filaments  were  counted  on  the 
paper,  and  their  number  to  a  division  estimated.  This  quite  inde- 
pendent determination  gave  1.08";  these  measurements  including, 
with  the  filaments,  the  considerable  space  which  separates  each 
from  each .2  I  have  never  as  3'et  been  able  to  obtain  suflSciently 
precise  vision  for  micrometrical  work  upon  these  bodies  on  the 
general  photosphere.  There  is  an  admitted  assumption  therefore, 
in  taking  this  measurement  to  be  the  same  which  might  have  been 
found  at  the  other  extremity  of  the  filaments  where  they  appear 

*  Subsequent  measurements,  under  very  favorable  circumstances,  gave,  where  taken 
onaj^roup  of  lllanientsi  lying  in  unusually  close  Juxtaposition,  a  mean  of  ratlier  less  than 
six-tenths  of  a  second  for  tlie  sum  of  the  widtli  of  the  filament  and  that  of  the  space 
separating  it  from  its  neighbor.  In  the  ca»e  of  both  rice-grains  and  filaments  irradia- 
tion  masks  the  true  figure,  wlille  enhancing  the  apparent  size;  of  this  intervening 
space  of  0  0",  then,  the  8hare  th;it  is  to  be  assigned  to  the  filaments  must  be  partly 
conjectural.  If  we  assume  tlie  filaments  as  equal  in  absolute  diameler  to  the  interval 
which  separates  them(wliich  I  can  hardly  thiuk  they  are),  we  obtain  0' 3"  as  the  ap- 
liroximatti  size.    Note  added  March,  1874. 
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at  the  surface  ;  I  feel  confident,  however,  from  repeated  scrutiny, 
that  tlie  difference,  if  it  exist,  is  inconsiderable.  I  believe  we 
have  DO  data  yet  from  any  source  which  will  enable  us  to  speak 

positively  as  to  the  absolute  size  of  the  filaments,  as  we  cannot 
yet  allow  for  the  effect  of  irradiation  ;  still  if  we  assume  the  width 
of  these  bodies  to  equal  only  the  average  space  between  them,  we 
shall  find  it  not  more  than  half  of  a  second  of  arc,  at  the  most ; 
but  it  may  for  anything  we  can  yet  tell,  be  much  less.  All  that 
we  can  now  do  is  to  assign  an  upper  limit  to  their  diameter, 
and  this  I  think  cannot,  ordinarily  exceed  one-half  of  a  second 
of  arc.  It  is  well  to  repeat  that  it  may  be  almost  anything  less, 
irradiation  here  masking  the  real  magnitude  as  it  does  in  the 
case  of  a  star.  It  is  very  desirable  that  more  measurements  be 
obtained,  and  it  is  not  through  negligence  that  I  have  failed  to 
multiply  them  as  I  should  have  been  glad  to  do,  till  their  probable 
error  could  be  determined,  but  it  will  be  remembered  that  a  year 
mfky  pass  by  without  bringing  more  than  a  few  hours  of  consec- 
utive seeing,  good  enough  for  this  very  difficult  work,  in  which 
only  large  apertures  and  high  powers  can  be  used,  for  we  can 
employ  high  powers  probably  ten  times  at  night  on  a  star,  where 
we  can  once  with  advantage  upon  the  sun,  owing  to  the  greater 
atmospheric  tremor  by  day  and  the  distortion  of  the  image  by 
the  unequal  heating  of  the  anterior  and  posterior  surfaces  of  the 
object-glass.3 

In  this  connection,  I  will,  while  repeating  that  the  whole  of 
the  umbra  appears  to  be  frequently  composed  of  forms  not  unlike 
the  penumbral  ones,  add  that  the  color  as  well  as  the  light  of  the 
Isolated  umbra  is  usually  decided.  I  have,  with  some  care,  made 
an  experiment  which  is  very  simple  in  conception,  and  which, 
though  not  easy  in  practice,  I  am  surprised  to  find  no  record  of 
elsewhere.  It  consists  in  completely  cutting  off  all  extraneous 
light  emitted  by  the  penumbra  and  umbra,  so  that  none  can  be 
received  by  the  eye,  unless  it  be    from  the  apparently  perfectly 

.  black  ''nucleus"  or  core  of  the  umbra.     The  e^^e  being  so  placed 

that  it  can  receive  light  from  that  alone,  this  intensely  ''black" 

»  Since  reading  this  paper,  I  have  had  several  opportunities  for  extending  these 
measurements.  The  detailed  results  of  Inter  researches  would  not  be  in  place  here, 
but  I  may  "ny  that  I  siiould  now  rather  reduce  than  enlarge  the  estimates  of  the  size  of 
the  filaments  here  given,  and  that  it  seems  probable  that  with  the  opportunity  of  ap- 
plying higher  powers,  tlie  resolution  of  these  filaments  or  of  the  components  of  the 
rice-grains,  into  still  minuter  aggregations,  is  likely  to  go  on  indefinitely.  Note  ad- 
ded March,  1874. 
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nucleus  is  seen  to  shine  with  a  dazzling  liglit,  ordinarilj'  of  a  vio- 
let tint.  I  have  also  received  the  uuibral  light  upon  a  screen  so 
arranged  as  to  be  illuminated  only  by  it,  and  by  diffused  daylight, 
and  then  with  brush  aud  color  made  a  large  number  of  imitations 
of  its  tint  directly  upon  the  paper  beside  it,  until  one  was  found, 
M'hich,  in  the  independent  judgment  of  two  persons,  most  nearly 
represented  it.  It  was  nearly  matched  by  the  purple,  technically 
called  "violet-carmine"  {colored  sheet  exhibited). 

One  objection  against  the  gaseous  theory  of  the  sun,  urged,  I 
believe,  by  Mr.  Herbert  Spencer,  as  well  as  by  professional  astron- 
omers, has  been  that  the  laws  of  gaseous  radiation  oblige  us  to 
believe  that  the  body  of  the  sun  (if  purely  gaseous  and  dark) 
would  be  transparent ;  that  we  should  hence  be  enabled  to  see  the 
photosphere  upon  tlie  other  side  quite  through  the  whole  body 
(thus  looking  througli  the  sun-spot  as  througli  a  window  to  light 
beyond),  and  that  a  necessary  result  of  a  purely  gaseous  sun  with 
a  non-luminous  interior  would  hence  be  that  sun-spots  would  not 
be  visible  at  all.  This  reasoning,  in  itself  theoretically  justifi- 
able, evidently  here  rests  on  an  assumption  as  to  the  fact  of  the 
blackness  of  the  nucleus,  an  assumption  which  must  have  ap- 
peared, at  the  time  it  was  made,  quite  justifiable,  it  being  founded 
probably  on  the  language  of  Mr.  Dawes ;  an  excellent  and  usually 
most  cautious  observer,  but  who  in  this  case  in  speaking  of  tlie 
"perfectly  black"  nucleus  used  too  unqualified  terms. 

To  restate  in  a  few  words  the  substance  of  what  has  been 
said :  — 

The  surface  of  the  whole  sun  is  covered  with  filiform  bodies, 
which  are  of  an  average  diameter  of  not  greater  than  one-half  of 
a  second  of  arc,  and  whose  length  is  undetermined,  but  very  con- 
siderable. The  aggregation  of  these  upon  the  surface  has  given 
rise  to  forms  which,  seen  under  ordinary  definition,  might  possi- 
bly be  mistaken  for  a  "willow-leaf-like  structure,  but  no  such 
spindle-shaped  or  willow-leaved  bo<lies  (in  the  sense  in  which  Mr. 
Nasmyth  first  described  them)  exist.  Tiie  study  of  these  bodies 
where  seen  in  the  penumbra,  though  diflflcult,  forms  at  present, 
perhaps,  our  best  means  of  learning  the  direction  of  solar  currents, 
the  most  prominent  results  being  that  the  dominant  type  is  that 
of  forms  evidently  due  to  cyclonic  action,  and  that  cloud  strata 
superposed  in  a  complex  manner,  and  drifting  over  one  another 
indifferent  directions  are  also  common.     While  the  existence  of 
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some  such  appearances  as  the  minute  photospheric  forms  present 
when  aggregated  upon  tlie  surface,  and  when  segregated  and 
drawn  out  in  the  penumbrse,  may  be  recognized  under  the  respec- 
tive terras  of  '* rice-grains"  and  "thatch-straws,"  such  phrases, 
unqualified,  are  calculated  to  mislead,  and  should  be  replaced  by 
more  accurate  ones  representing  the  results  of  a  critical  study  of 
bodies,  which,  whatever  be  their  nature,  are  the  immediate  sources 
of  the  solar  .light,  and  which  are  in  every  way  deserving  of  far 
more  attention  than  they  have  received. 

The  best  photographs  are  as  yet  far  from  being  able  to  repre- 
sent these  forms,  and  careful  drawings  based  directly'  upon  micro- 
metrical  measurements,  and  in  which  pictorial  effect  is  considered 
only  as  it  is  incidental  to  minute  fidelity,  afford  at  present  our 
best  means  of  studying  them,  and  (by  comparison)  of  correcting 
the  efTects  of  subjective  peculiarities  of  the  observer. 

The  great  utility  of  a  very  elevated  station  for  observation, 
which  has  been  brought  into  renewed  notice  by  recent  spectro- 
scopic acquisitions,  would  seem  however  to  promise  every  gain 
for  such  researches  as  these. 

What  has  Just  been  said  will  not  be  understood  to  be  meant 
to  depreciate  the  great  advantages  which  pliotography  can  ren- 
der now,  in  researches  as  to  the  motion  of  the  spots,  and  it  may 
be  hoped  is  destined  to  render,  as  to  the  minute  details  of  their 
structure.  No  one  can  be  more  conscious  than  I  am,  of  the  inev- 
itable defects  of  such  drawings  of  the  minute  structure  as  this, 
or  more  desirous  to  see  photography  take  their  place,  which,  how- 
ever, the  time  has  not  yet  come  for  it  to  do.  Aware  of  the  little 
I  have  been  able  to  attain  certitude  on,  I  deem  it  best  to  confine 
myself  at  present  to  a  simple  description  of  what  appear  to  be 
facts  of  observation,  without  on  this  occasion  offering  any  hypoth- 
esis as  to  the  nature  or  function  of  the  things  described. 
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I  have  been  enabled  by  the  kindness  or  the  Association  to  add  to  this  paper  a 
photograjihic  reduction  or  one  of  the  drawings  exhibited  nc  the  Portland  Meeting, 
which  I  have  fdlghliy  modified  since,  that  it  might  embody  rc:!>nlcs  more  recently 
attained.  It  might  be  called  a  typical  sun-spot,  as  it  is  rather  a  collection  of  typical 
forms  tnlcen  directly  from  studies  made  and  compared  at  the  telescope,  and  then 
brought  together  in  their  proper  physical  connection,  than  an  attempt  to  delineate  ex- 
actiy  any  particular  spot  at  a  given  moment.  This  method  of  procedure  is  in  fact  una- 
voidable, as  spots  change  so  rapidly  that  drawings  of  any  accuracy  of  detail  must 
present  features  which  would  not  have  been  i^imnltaneonsly  seen.  No  attempt  is  made 
to  give  any  speclflc  photospheric  forms  away  from  the  spot  or  anything  else  than  the 
general  appearance  of  the  photosphere.  In  the  spot,  however,  everything  If  (as  far  as 
my  ability  to  represent  what  I  saw  goes)  a  minutely  literal  transcript  of  so  much  of 
what  presented  itself  in  good  deflnition  at  various  times  as  was  unquestionably  seen. 
(174) 
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On  the  Doty  op  Governments  in  the  Preservation  op  Forests. 

By  Franklin  B.  Hough,  of  Lowville,  N.  Y. 

The  presence  of  stately  ruins  in  solitary  deserts  is  conclusive 
proof  that  great  climatic  changes  have  taken  place  within  the 
period  of  human  history  in  many  eastern  countries,  once  highly 
cultivated  and  densely  peopled,  but  now  arid  wastes. 

Although  the  records  of  geology  teach  that  great  vicissitudes 
of  climate,  from  the  torrid  and  humid  conditions  of  the  coal 
period,  to  those  of  extreme  cold  which  produced  the  glaciers  of 
the  drift,  maj'  have  in  turn  occurred  in  the  same  region,  we  have  no 
reason  to  believe  that  any  material  changes  have  been  brought 
about,  by  astronomical  or  other  natural  causes,  within  the  historic 
period.  We  cannot  account  for  the  changes  that  have  occurred 
since  these  sunburnt  and  sterile  plains,  where  these  traces  of  man's 
fii-st  civilization  are  found,  were  clothed  with  a  luxuriant  vegetation, 
except  b}'  ascribing  them  to  the  improvident  acts  of  man,  in  de- 
stroying the  trees  and  plants  which  once  clothed  the  surface,  and 
sheltered  it  from  the  sun  and  the  winds.  As  this  shelter  was 
removed  the  desert  approached,  gaining  new  power  as  its  area 
increased,  until  it  crept  over  vast  regions  once  populous  and  fer- 
tile, and  left  only  the  ruins  of  former  magnificence. 

In  more  temperate  climates  the  effect  is  less  striking,  yet  it  is 
sufficiently  apparent  everywhere  and  throughout  our  whole  country, 
but  especially  in  the  hilly  and  once  wooded  regions  of  the  eastern 
and  northern  states.  In  these  portions  of  our  union  the  failure  of 
springs  and  wells,  the  drying  up  of  brooks  which  once  supplied 
ample  hydraulic  power  through  the  summer,  and  the  increasing 
difficulties  of  procuring  water  to  supply  canals  for  navigation,  and 
wholesome  water  for  cities,  are  becoming  every  day  something 
more  than  a  subject  of  casual  remark.  It  is  destine  i  to  become 
a  theme  of  careful  scientific  and  practical  inquiry,  to  ascertain 
how  these  growing  evils  may  be  checked,  and  whether  the  lost 
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advantages  may  be  regained.  We  regard  the  ocean  itself  as  the 
source  whence  the  moisture,  precipitated  in  rains,  is  mainly  de- 
rived. Its  area  ciianges  not ;  the  exposure  to  solar  heat  is  uni- 
form(unless,  as  some  suppose,  the  spots  on  the  sun's  disk  may  have 
an  appreciable  influence)  ;  and,  except  as  varied  within  fixed  limits 
by  the  inclination  of  the  earth's  axis  in  its  revolution  around  the 
sun,  there  are  no  astronomical  or  other  causes  that  sliould  sensi- 
bly change  the  annual  amount  of  general  evaporation  from  the 
surface  of  the  ocean  from  year  to  year  or  from  age  to  age.  Tiie 
vapors  raised  from  the  sea  are  distributed  by  the  winds  over  the 
land,  and  descend  as  rains  where  mountain  ranges,  forests  and 
otlier  causes  favor  condensation.  It  is  probable  that  the  Gulf  of 
mexico  furnishes  more  vapor  for  rain  within  the  United  States 
than  the  Atlantic  Ocean,  its  influence  being  felt  throughout  and 
beyond  tlie  great  basin  of  the  Mississippi  and  its  tributaries. 

In  a  work  which  I  recently  prepared  for  the  Regents  of  the  Uni- 
versity of  the  state  of  New  York,  I  was  able  to  collect,  from  all 
sources  and  for  various  periods,  in  some  stations  for  almost  half 
a  centur}',  about  two  thousand  years  of  rainfall  records  within 
the  state  of  New  York ;  and  in  a  volume  published  within  the  last 
year  by  the  Smithsonian  Institution,  there  is  a  much  more  ex- 
tended series  for  the  whole  country.  Tliese  extensive  series  are 
not  enough  to  determine,  witli  any  claim  to  accuracy,  the  secular 
changes,  if  an}',  that  may  be  going  on,  in  the  amount  of  precipita- 
tion of  rain  and  snow.  Although  they  reveal  great  irregularities 
in  a  series  of  3'ears  at  an}'  given  locality,  they  do  not  justify  us  in 
supposing  that,  in  the  general  average  of  periods,  the  amount  is 
sensibly  increasing  or  diminishing,  although  they  do  show,  in 
some  cases,  greater  tendencies  to  drought  for  a  series  of  years  to- 
gether, and  often  a  more  unequal  distribution  of  rain  throughout 
the  year. 

This  growing  tendency  to  floods  and  drouglits  can  be  directly 
ascribed  to  the  clearing  up  of  woodlands,  by  which  the  rains 
quickly  find  their  way  into  the  streams,  often  swelling  them  into 
destructive  floods,  instead  of  sinking  into  the  earth  to  reappear  as 
springs.  Aside  from  the  direct  effects  of  shelter  and  shade 
aft'orded  by  trees,  the  evaporation  of  raindrops  that  fall  upon  the 
leaves,  and  the  chemical  action  of  the  leaves  themselves,  have  a 
marked  influence  upon  the  humidity  and  temperature  of  the  air 
beneath  and  around  them.     The  contrast  in  a  very  dry  season, 
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between  an  open  and  sunburnt  pasture,  and  one  interspersed  with 
clumps  of  trees,  must  have  been  noticed  by  every  careful  observer, 
and  the  actual  relative  profits  of  farms  entirely  without  trees,  and 
those  liberally  shaded  (everything  else  being  equal),  will  show,  at 
least  in  grazing  districts,  the  advantage  of  tlie  latter  in  the  value 
of  their  annual  products.  The  fact  that  furniture,  in  houses  too 
much  shaded,  will  mould,  is  a  familiar  and  suggestive  instance  of 
the  humid  influence  of  trees,  and  the  aggregate  results  of  wood- 
land shade  may  well  explain  the  fulness  of  streams  and  springs 
in  the  forest,  which  dry  up  and  disappear  when  it  is  removed. 

The  economical  value  of  timber,  and  our  absolute  dependence 
upon  it  for  innumerable  uses  in  manufactures  and  the  arts,  the 
rapidly  increasing  demand  for  it  in  railroad  construction  and  the 
positive  necessity  for  its  use  in  the  affairs  of  common  life,  even 
were  its  use  as  fuel  largely  supplanted  by  the  introduction  of 
mineral  coal,  are  too  obvious  for  suggestion.  It  is  this  necessity, 
rather  than  considerations  of  climate  or  of  water  supply,  that  has 
led  in  several  countries  of  Europe  to  systems  of  management 
and  regulation  of  national  forests,  as  a  measure  of  govermental 
policy  and  public  economy.  Such  systems  have  been  devised,  to 
a  greater  or  less  extent,  in  Russia,  Turkey,  Austria,  Germany, 
Itah',  France,  Denmark  and  Sweden  ;  and  more  recently  in  British 
India.  The  extent  of  state  forests  in  France  is  about  3,130,000 
acres  ;  to  which  may  be  added  5,335,  000  acres  belonging  to  com- 
munes, corporations,  hospitals,  and  other  public  establishments, 
making  the  whole  extent  of  forest  under  the  management  of  the 
forest  administration,  8,465,000  acres,  or  about  13,226  square 
miles.  They  are  distributed  widely  over  the  country,  a  large  pro- 
portion being  in  the  departments  of  the  east.  Legislation  in 
France  having  in  view  the  preservation  of  forests,  chiefly  dates  from 
the  ordinance  of  1669,  which  fixed  a  certain  time  for  the  cutting  of 
forests  belonging  to  the  state.  A  clause  was  inserted  by  the 
statesman  Colbert,  "that  in  all  the  forests  of  the  state,  oaks 
should  not  be  felled  unless  ripe,  that  is,  unable  to  prosper  another 
thirty  years."  The  present  French  Forest  Code  was  established 
in  1827.  It  intrusts  the  care  of  public  forests  to  the  Ministry 
of  Finance,  under  a  Director  General,  assisted  by  two  administra- 
tions ;  one  charged  with  the  management  of  forests,  and  the  sale 
of  their  products,  and  the  other  with  the  police  of  the  forests,  and 
the  enforcement  of  forest  laws.     In  the   departments   there   are 
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thirty-two  Conservators,  each  in  cliarge  of  one  or  more  departments, 
according  to  the  extent  of  forests  in  each.  The  immediate  super- 
vision ia  intrusted  to  Inspectors,  who  are  assisted  by  sub-inspectors 
and  Gardes  Generaux^  who  live  near,  and  personally  superintend 
the  work  of  the  forest  guards.  The  latter  live  in  the  forests,  and 
act  as  police  over  a  certain  range.  They  personally  observe  the 
operations,  and  report  all  infractions  of  the  laws.  No  timber  is 
cut  till  marked,  and  most  of  the  saw-mills  are  owned  by  the  gov- 
ernment, and  rented  to  the  wood  merchants.  The  system  has  been 
extended  to  Algeria,  where  several  rainy  days  have  been  added  to 
July  and  August,  by  forest  culture. 

These  details  might  be  extended,  but  they  would  not  have  prac- 
tical application  with  us,  because  our  states,  as  a  general  rule,  own 
no  large  forest,  and  we  have  no  strong  central  organizations  or 
means  of  enforcing  the  stringent  regulations  which  make  their 
system  a  success.  The  title  to  the  lands  in  our  older  states  (where 
the  evils  resulting  from  the  loss  of  forests  are  liable  to  be  first  and 
most  severely  felt)  has  already  passed  into  the  hands  of  individ- 
uals, and  from  the  theoiy  of  our  system  of  government,  the 
power  that  must  regulate  and  remedy  these  evils  must  begin  with 
the  people,  and  not  emanate  from  a  central  source.  With  us,  there 
are  no  great  estates,  entailed  upon  future  generations,  to  keep  to- 
gether, and  promising  a  reasonable  hope  of  reward  to  the  family 
for  a  heavy  investment  in  their  improvement.  Nor  is  there  even 
a  reasonable  prospect  that  the  landed  estate  of  a  wealthy  citizen 
will  pass  unimpaired  and  undivided  beyond  one  generation  of  his 
descendants.  It  should  also  be  remembered  that,  from  the  pecu- 
liar nature  of  forest  culture,  one  generation  must  plant  for  another 
to  "reap,"  as  the  age  of  a  full-grown  tree  in  some  species  much 
exceeds  that  of  a  human  life.  The  investment  for  land,  planting 
and  protection,  must  be  carried  with  interest  into  another  century, 
and  for  the  benefit  of  a  generation  unborn. 

These  considerations  present  a  problem  difficult,  it  may  be,  of 
solution,  but  I  have  confidence  in  the  ability  of  our  American 
people  to  work  out  a  practical  system,  adapted  to  our  social  organ- 
ization, and  our  general  theory  of  laws.  We  must  begin  at  the 
centre  of  power,  and  that  centre  is  the  circumference.  We  must 
make  the  people  themselves  familiar  with  the  facts  and  the  neces- 
sities of  the  case.  It  must  come  to  be  understood  that  a  tree  or 
a  forest,  planted,  is  an  investment  of  capital,  increasing  annually 
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In  value  as  it  grows,  like  money  at  interest,  and  worth  at  any  time 
what  it  has  cost  —  including  the  expense  of  planting,  and  the 
interest  which  this  money  would  have  earned  at  the  given  date. 
The  great  masses  of  our  rural  population  and  land  owners  should 
be  inspired  with  correct  ideas  as  to  the  importance  of  planting 
and  preserving  trees,  and  taught  the  profits  that  may  be  derived 
from  planting  waste  spots  with  timber,  where  nothing  else  would 
grow  to  advantage.  They  should  learn 'the  increased  value  of 
farms  which  have  the  roadsides  lined  with  avenues  of  trees,  and 
should  understand  the  worth  of  the  shelter  which  belts  of  timber 
afford  to  fields,  and  the  general  increase  of  wealth  and  beauty 
which  the  country  would  realize  from  the  united  and  well-directed 
efforts  of  the  owners  of  land  in  thus  enriching  and  beautifying 
their  estates. 

In  this  great  work  of  popular  education,  agricultural  societies 
and  kindred  associations  may  do  much,  by  promoting  a  spirit  of 
emulation,  and  offering  premiums  for  the  most  effectual  results. 
In  a  recent  premium  list  of  the  Highland  and  Agricultural  Society 
of  Scotland,  I  notice  fourteen  prizes  offered,  amounting  to  one 
hundred  sovereigns,  in  medals  and  coin,  for  approved  reports  upon 
the  subject  of  tree  culture  in  its  various  relations.  They  have  also 
established  a  system  of  examinations,  by  competent  professors 
of  their  universities,  at  which  young  men  may  appear  and  receive 
certificates  of  attainment,  according  to  degree,  which  can  scarcely 
fail  to  find  for  them  profitable  employment  by  the  owners  of 
forest  estates.  They  afford  a  strong  incentive  to  high  ambition, 
and  a  conspicuous  opportunity  for  those  who  seek  distinction  in 
a  lucrative  and  honorable  employment. 

The  necessities  of  European  governments  have  led  to  the  estab- 
lishment of  Schools  of  Forestry  for  instruction  in  the  sciences 
that  find  application  in  the  growth,  preservation  and  removal  of 
timber,  in  which  an  eminently  practical  system  of  education  is 
adopted,  and  the  precepts  of  the  class-room  directly  applied  in  the 
operations  of  the  forest.  About  a  dozen  such  schools  exist  in 
Belgium,  Denmark,  France,  Germany  and  Switzerland.  The 
necessity  for  special  education  in  this  department  is  sure  to  arise 
in  our  own  country,  in  which  perhaps  fewer  persons  will  find  a 
special  profession  in  forestry,  but  a  greater  number  will  feel  the 
want  of  practical  instruction  in  the  principles  upon  which  success 
depends. 
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Our  educators  would  act  wisely  in  taking  this  into  considera- 
tion, in  devising  plans  for  new  institutions,  or  revising  plans  of  ex- 
isting ones,  and  perhaps  some  far-seeing  and  enlightened  benefac- 
tor, of  sufficient  means,  may  find  in  this  direction  the  opportunity 
of  rendering  his  name  familiar  in  the  annals  of  fame,  by  establish- 
ing a  school  of  forestry,  in  its  most  comprehensive  sense,  for  tlie 
systematic  training  of  educators  and  practical  engineers,  in  this 
inviting  field  of  enterprise,  and  fully  adapted  to  our  American 
wants  and  ideas  upon  this  subject. 

However  much  the  public  ma}'^  favor,  tliere  will  still  arise  the 
need  of  laws  to  regulate,  promote  and  protect  the  growth  of  wood  ; 
as  we  find  laws  necessary  in  the  management  of  roads  and 
bridges,  or  of  any  other  great  object  of  public  utility.  Let  us 
consider  some  of  the  measures  which  a  state  might  adopt  for  the 
promotion  of  this  end,  without  interfering  with  personal  rights,  or 
stepping  be3'ond  the  line  which  limits  its  duty  in  protecting  the 
rights  of  its  citizens. 

1.  By  withholding  from  sale  such  wild  and  broken  lands  as 
might  be  returned  from  time  to  time  for  non-pa3^ment  of  taxes, 
when  found  chiefly  or  only  valuable  from  the  growth  of  timber, 
and  by  establishing  laws  for  its  protection,  and  for  realizing  to 
the  state  or  to  the  country  whatever  profits  there  might  arise  from 
the  thinning  out  of  timber,  so  as  to  preserve  the  tract  as  a  forest* 
In  this  connection  I  would  remark,  that  a  more  eflfectual  vigilance 
would  probably  be  secured,  if  the  benefits  belonged  to  the  local 
administration  of  the  place,  as  party  jealousies  and  private  in- 
terests would  tend  to  keep  officials  under  close  surveillance,  where 
a  state  officer,  residing  at  a  distance,  and  not  personally  known 
in  the  locality,  would  often  find  his  authority  ignored,  and  the 
public  interests  in  his  charge  invaded.  There  should,  however, 
be  required  an  annual  report  to  a  state  officer,  clothed  with  am- 
ple power  to  enforce  a  rigid  compliance  with  the  laws  upon  the 
subject  of  forests. 

2.  By  exempting  from  taxation  for  a  limited  time,  and  b}'  of- 
fering bounties  for,  lands  planted  and  enclosed  for  the  growth  of 
forest  trees. 

3.  By  offering  bounties  to  counties,  towns  and  individuals,  for 
the  greatest  number  of  trees  planted  in  a  year,  and  made  to  live 
through  the  second  season. 

4.  By  requiring  railroad,  turnpike  and  other  road  companies, 
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where  valid  reasons  to  the  contrary  do  not  exist,  to  plant  the  sides 
of  their  roads  with  trees,  or  empowering  town  authorities,  in  case 
of  neglect,  to  do  this  at  their  expense. 

5.  By  imposing  a  tree-tax,  paj'able  in  the  planting  of  trees,  or 
a  fixed  sum  for  each  tree,  to  be  expended  only  in  planting  trees. 
In  cities  and  villages  this  commutation  might  be  applied  under 
local  officers  to  the  improvement  of  parks  or  other  objects  of  pub- 
lic utility  and  ornament. 

6.  By  protecting  trees  on  the  way-side,  and  in  public  places,  as 
well  as  on  private  grounds,  from  wanton  destruction,  by  adequate 
penalties,  sufficient  to  restore  the  loss  and  pay  the  injury. 

7.  By  requiring  the  elements  of  science  applicable  to  forest  cul- 
ture to  be  taught  in  the  public  schools,  and  by  encouraging  it  in 
academies  and  colleges.  This,  in  the  higher  grades  of  schools, 
would  embrace  the  most  improved  methods  of  cultivation,  the  influ- 
ences of  soil  and  climate,  and  the  various  mathematical,  median- 
ical,  plij'siological  and  chemical  principles  involved  in  the  subject. 
Special  schools  under  national  or  state  patronage  might  ultimately 
be  founded. 

Congress  has  recently  taken  action  tending  to  encourage  the 
planting  of  forests  in  the  territories,  where  most  needed,  but 
might  do  much  more  in  promoting  this  great  measure  of  public 
utility.  A  few  of  the  states  have  also  done  something  intended 
to  advance  the  same  object,  but  without  uniformit}*,  and  as  3'et 
with  but  very  limited  result. 

With  respect  to  the  failure  of  water  supply  for  hydraulic  power, 
navigation,  or  city  use,  until  woodland  shade  can  be  restored  to 
the  sources,  we  must  depend  upon  reservoirs,  to  retain  the  surplus 
floods  of  winter  for  summer  wants.  There  are  few  streams  or 
rivers  in  the  country,  where  these  might  not  be  made  to  advan- 
tage, and  in  some  cases  greatly  to  the  improvement  of  the  natural 
capacity  of  these  streams  as  the}'  were  Grst  known.  In  the  con- 
struction and  maintenance  of  these  reservoirs  for  navigable  canals 
or  for  cities,  they  should  obviously  be  under  the  same  control  as 
these  works  themselves,  of  which  they  are  the  essential  part.  But 
where  needed  for  hydraulic  power  onl}^  they  could  best  be  in- 
trusted to  the  management  of  those  who  have  an  interest  in  them, 
and  government  should  only  provide,  by  general  laws,  for  the  or- 
ganization and  regulation  of  companies  with  the  corporate  powers 
necessary  for  their  object.     As  in  other  cases  where  pecuniary 
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values  are  involved,  the  vote  or  power  of  each  owner  should  be  in 
just  proportion  to  his  interest,  with  the  right  of  appointing  a 
proxy  to  represent  it  when  desired.  Under  suitable  regulations  of 
law,  such  associations  could  scarcely  be  perverted  from  their  proper 
object. 

There  may  be  cases  in  which  a  state  would  be  justified  in 
making  reservoirs  to  improve  the  hydraulic  power  of  rivers,  thus 
securing  solidity  of  consti-uction,  and  amplitude  of  size  ;  and  often 
such  improvements  might  be  made  before  any  capital  had  been  in- 
vested along  the  line,  or  where  its  amount  was  too  feeble  to  war- 
rant the  expenditure ;  but  the  expense  should  ultimately  be  taxed 
upon  the  interests  concerned,  and  the  management  should  be 
given  up  to  those  interests,  as  soon  as  it  can  safely  be  done. 

In  the  state  of  New  York,  measures  have  been  begun  for  the 
preservation  of  forests,  which  I  may  briefly  notice.  An  extensive 
region  north  of  the  Mohawk  river  and  west  of  Lake  Champlain, 
embracing  over  two  million  of  acres  of  land,  the  Adirondack 
Mountains,  and  the  sources  of  the  Hudson  and  other  rivers,  lies 
an  unbroken  wilderness.  More  than  a  hundred  years  have  passed 
since  settlements  were  formed  on  its  southern  and  eastern  border, 
and  more  than  seventy  since  it  has  been  entirely  surrounded  by  a 
belt  of  improvement  embracing  some  of  the  best  farming  lands  of 
the  state.  Although  a  scheme  of  speculation  was  far  advanced 
before  the  close  of  the  colonial  period,  for  the  settlement  of  this 
region,  and  great  sums  have  since  been  wasted  by  capitalists  in 
attempting  to  develop  its  agricultural  resources,  these  efforts  have 
uniformly  resulted  in  failure ;  and,  excepting  in  a  few  favored 
spots,  the  region  is  still  as  wild  and  picturesque  as  when  it  was 
known  only  as  the  hunting  ground  of  the  native  Indian.  This 
uniform  failure  may  be  justly  ascribed  to  the  scanty  sterile  soil 
which  covers  the  surface  where  the  surface  is  not  the  naked  rock, 
and  to  the  cold  and  forbidding  character  of  the  climate,  due  to 
great  elevation  and  the  influences  of  mountain  ranges.  Corn  and 
the  cultivated  fruits  would  seldom  ripen,  from  the  frosts  that 
may  happen  at  any  time  in  the  summer,  and  only  hay,  oats  and 
potatoes  can  be  grown  to  advantage  where  the  soil  and  exposure 
favor.  Yet  it  is  for  the  most  part  covered  with  timber,  often  of 
the  finest  quality,  and  it  is  supposed  to  abound  in  magnetic  iron 
ores,  of  which  mines  are  wrought  with  great  profit  near  the  east- 
ern border. 
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Some  twenty  years  ago,  some  railroad  speculators  secured  from 
the  state  a  grant  of  a  quarter  of  a  million  of  acres,  at  five  cents 
an  acre,  yet  failed  to  build  the  road,  or  to  confer  the  advantages 
promised  ;  and  since  this  period  almost  the  whole  of  the  lauds  in 
this  region  have  passed  into  the  hands  of  lumbermen  and  tanners, 
leaving  at  present  only  about  forty  thousand  acres  in  the  seven 
counties  wholly  or  partly  Included  in  the  wilderness.  Most  of 
these  lands  have  been  repeatedly  returned  and  sold  for  the  non« 
payment  of  taxes,  and  if  no  more  tax  sales  are  held,  a  large  por- 
tion will  doubtless  in  a  very  few  years  again  revert  to  the  state* 
Through  this  wilderness  lines  of  navigation  extend  through  lakes 
and  along  rivers  with  slight  portages,  entirely  across,  from  the 
Moose  and  Beaver  rivers  on  the  west,  to  the  Saranac  and  Racket 
rivers  of  the  northeast.  For  many  years  it  has  been  the  favor- 
ite haunt  of  parties  of  sportsmen  and  those  seeking  relaxation 
from  the  cares  of  business,  by  a  few  weeks'  residence  in  summer, 
among  the  wild  picturesque  scenery  and  healthful  climate  of  this 
region.  Hotels  for  summer  residence  have  been  built  upon  the 
banks  of  lal^es  in  various  places  in  the  interior,  and  many  guides 
find  employment  in  conducting  parties  along  these  rivers  and  lakes, 
and  in  furnishing  the  supplies  and  assistance  they  may  need. 
Roads  and  telegraphs  have  been  constructed  to  navigable  points 
in  the  interior,  and  every  year  adds  to  the  number  of  visitors  to 
this  great  solitude  of  woods  and  waters. 

In  1872,  the  Legislature  of  New  Yoik  passed  an  act  creating 
a  Commission  of  State  Parks,  and  appointing  certain  persons 
therein  named  to  examine  and  report  upon  the  expediency  of  vest- 
ing in  the  state,  the  title  to  the  wild  and  timbered  regions  lying 
within  Lewis,  Essex,  Clinton,  Franklin,  St.  Lawrence,  Herkimer 
and  Hamilton  counties,  and  to  recommend  such  measures  as  might 
be  deemed  proper,  relative  thereto.  The  Commission  was  to 
continue  two  years,  and  there  is  a  probability  that  it  will  be 
made  permanent.  Already,  at  its  suggestion,  the  sale  of  lands  for 
non-payment  of  taxes  has  been  ordered  to  be  discontinued,  and 
thus  the  first  step  taken  towards  the  accomplishment  of  its  object. 
The  commission  will  recommend  no  enclosed  grounds,  no  sala- 
ried keepers,  and  no  attempt  whatever  at  ornamentation.  There 
should  be  stringent  laws  and  adequate  penalties  against  spoliation 
of  timber,  or  destruction  from  careless  fires ;  and  means  of  access 
from  various  places  on  lines  of  thoroughfare  should  be  provided 
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and  maintained.  In  some  cases  short  canals,  with  locks  for  pass- 
ing boats  might  save  the  labor  of  a  difficult  portage,  but  beyond 
these  there  is  scarcely  more  needed  for  the  present. 

There  are,  however,  important  questions  involving  the  suj)ply 
of  water  for  the  state  canals ;  the  preservation  or  restoration  of 
hydraulic  power  on  the  rivers  ;  and  possibly  the  future  supply  of 
New  York  Cit\',  and  the  cities  and  towns  along  the  Hudson  with 
pure  water,  by  an  ample  aqueduct,  from  the  crystal  fountains  of 
the  Hudson,  which  may  be  properly  considered ;  and  a  fit  oppor- 
tunity is  given  for  presenting  in  its  strongest  light,  the  importance 
of  protecting  forests,  and  of  promoting  the  growth  of  trees,  on 
account  of  their  influence  upon  climate,  and  upon  the  general  wel- 
fare of  the  state. 

These  questions  are  not  limited  to  a  particular  state,  but  in- 
terest the  nation  generally;  and  I  would  venture  to  suggest  that 
this  Association  might  properly  take  measures  for  bringing  to  the 
notice  of  our  several  State  Governments,  and  Congress  with  re- 
spect  to  the  territories,  the  subject  of  protection  to  forests,  and  their 
cultivation,  regulation  and  encouragement ;  and  that  it  appoint  a 
special  committee  to  memorialize  these  several  legislative  bodies 
upon  this  subject,  and  to  urge  its  importance. 

A  measure  of  public  utility  thus  commended  to  their  notice  by 
this  Association,  would  doubtless  receive  respectful  attention.  Its 
reasons  would  be  brought  up  for  discussion,  and  the  probabilities 
of  the  future,  drawn  from  the  history  of  the  past,  might  be  pre- 
sented before  the  public  in  their  true  light.  Such  a  memorial 
should  embrace  the  draft  of  a  bill,  as  the  form  of  a  law,  which 
should  be  carefully  considered  in  its  various  aspects  of  public 
interests  and  private  rights,  and  as  best  adapted  to  secure  the 
benefits  desired. 


Hints  for  the  Promotion  of  Economic  Entomology.  By  John 
L.  LeConte,  M.D.,  of  Philadelphia. 
It  is  indeed  a  most  gratifying  evidence  of  the  increasing  in- 
terest in  the  department  of  zoology  which  we  cultivate,  that  the 
entomologists,  now  in  connection  with  the  "  American  Association 
for  the  Advancement  of  Science, "  are  suflaciently  numerous  to 
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form  a  separate  sub-section,  and  enough  in  earnest  to  make  the 
meetings  of  the  section  of  value  to  attract  our  widely  scattered 
students. 

I  hail  with  joy  the  opportunity  of  being  present  at  this  meet- 
ing, and  the  more  so,  because  absence  from  the  country  has  pre- 
vented me  from  being  with  you  on  previous  occasions,  when  you 
assembled  to  deliberate  on  the  means  necessary'  for  the  promotion 
of  our  favorite  science  ;  to  communicate  to  each  other  that  which 
you  have  done  of  best  during  the  year,  and  call  on  your  colleagues 
to  rejoice  with  you  over  the  gems  of  truth  which  Nature  bounti- 
fully bestows  on  3'ou  and  all  who  visit  with  pure  heart  and  humble 
mind  her  exhanstless  treasury. 

Believing,  as  I  do,  that  the  few  days  thus  spent  in  closer  com- 
munion, by  those  who  are  in  sympathy  in  their  main  intellectual 
pursuits,  should  be  devoted  rather  to  mutual  instruction  and  com- 
parison of  general  views  derived  from  our  studies,  than  to  the 
reading  of  essays  on  special  or  descriptive  subjects,  which  sooner 
or  later  will  appear  in  suitable  places  in  scientific  journals,  I  have 
thought  it  not  inappropriate  to  give  briefly  some  ideas  suggested 
by  a  long  course  of  investigation  both  in  the  field  and  in  the 
museum,  regarding  the  requisites  for  a  more  rapid  advance  of  Amer- 
can  entomology,  and  a  more  speedy  development  of  the  practical 
benefits  which  the  science  promises. 

Before  endeavoring,  so  to  speak,  to  forecast  the  future,  or  to  in- 
dicate those  paths  of  research  from  which  the  most  useful  results 
may  be  expected,  it  would  be  well  to  glance  at  the  past  history 
of  our  science ;  so  that  by  rapidly  reviewing  the  steps  by  which 
progress  has  been  made,  we  may  be  better  prepared  to  estimate 
the  comparative  value  of  the  agencies  by  which  our  present  posi- 
tion has  been  attained. 

The  beginning  of  the  American  school  of  entomology  may  be 
considered  as  made  in  1817  by  Thomas  Say,  in  those  days  the 
most  generally  instructed  zoologist  in  the  United  States.  Though 
his  contributions  to  the  literature  of  other  departments  of  natu- 
ral history  were  quite  copious,  yet  entomology  seems  to  have  been 
his  favorite  science,  and  on  his  studies  of  the  various  orders  of  in- 
sects his  scientific  reputation  roust  mainly  rest. 

At  that  time  the  text-books  in  entomology  were  mainly  Fab- 
ricius,  Herbst  and  Latreille,  and  the  effort  of  American  naturalists 
in  every  branch  were  confined  to  adopting,  without  independent 
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criticism,  the  classifications  and  generic  determinations  of  their 
European  correspondents.  Biology  did  not  exist  either  in  name 
or  in  idea.  Careful  observations  of  a  few  noxious  species  by 
Prof.  Peck  and  Dr.  T.  W.  Harris  were  the  sligiit  foundation  upon 
which  the  whole  structure  of  economic  entomology  was  to  be 
erected. 

It  will  be  readily  seen  then,  that  the  entomologists  of  that  early 
period  were  essentially  species  men,  namers  and  describers  of  the 
unknown  objects  with  which  they  were  surrounded  : — a  work  which 
was  done  so  well  that  of  the  many  hundreds  of  species  described 
^y  Say,  and  the  smaller  number  by  his  collaborators,  scarcely  any 
remain  doubtful,  and  but  few  unknown. 

Preeminent  among  the  early  naturalists  of  the  United  States, 
and  far  beyond  any  of  them,  both  as  an  industrious  collector, 
a  careful  observer  in  the  field,  and  an  intelligent  investigator  iu 
the  museum,  was  Dr.  T.  W.  Harris,  of  Massachusetts.  A  man 
of  singular  modestj'  and  diflSdence,  appreciated  neither  by  him- 
self nor  by  others,  but  whose  memory  will  be  cherished  by  all 
who  knew  him,  and  whose  merits  will  be  more  and  more  recog- 
nized as  time  brings  him  with  his  limited  opportunities  more 
strongly  in  contrast  with  the  other  students  of  his  day.  Had  he 
published,  as  he  wrote,  the  independent  investigations  on  classifi- 
cation which  he  made,  or  had  the  proper  facilities  been  afforded 
him  and  the  requisite  stimulus  given,  our  science  in  this  country 
would  have  anticipated  many  of  the  schemes  of  arrangement  de- 
veloped later  by  the  best  European  students. 

Among  the  entomologists  of  that  time,  properly  pertaining  to 
our  country,  must  be  named  Dr.  C.  Zimmermann,  a  German  by 
birth,  and  trained  to  science  before  he  made  this  continent  his 
home.  The  monographs  of  Zabrus  and  Amara,  published  before 
leaving  Europe,  still  remain  thoroughly  careful  and  classical  stud- 
ies of  those  genera,  to  which  nothing  has  been  or  can  be  added 
except  the  descriptions  of  species  since  collected.  It  was  a  mis- 
fortune for  our  science  that  Zimmermann  too,  though  a  profound 
and  laborious  student,  would  never  publish  the  results  of  his  in- 
vestigations. As  a  systematist  in  the  science,  he  was  of  the  very 
highest  order,  and  I  here  cheerfully  acknowledge  my  obligations 
to  him  for  some  of  the  hints  which,  afterwards  more  fully  de- 
veloped, have  gained  for  several  of  my  memoirs  the  generous  ap- 
proval of  foreign  entomologists.     His  manuscripts,  submitted  to 
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me  in  1867  by  his  widow,  contained  a  large  part  of  a  systematic 
work  on  Coleoptera,  with  descriptions  of  many  hundred  new  spe- 
cies of  the  Southern  States,  which,  however,  had  been  rendered 
of  no  avail  by  recent  publications,  posterior  to  the  manuscripts 
in  question. 

Alter  the  founders  of  the  science  in  this  country  came  a  period 
of  apathy,  during  which  nothing  was  done.  The  work  of  de- 
scription was  then  resumed  by  Melsheimer,  Ziegler  and  myself, 
without,  however,  any  attempt  at  independent  study  of  classifica- 
tion or  particular  observation  of  life  histories  of  the  objects  de- 
scribed. 

The  first  serious  monographic  study  made  was  that  of  the 
HisteridcBy  published  in  1845  by  my  father  in  the  Boston  Journal 
of  Natural  History,  modelled  on  the  Monographia  Histeroidum 
of  Paykull,  and,  like  it,  illustrated  with  outline  figures  of  all  the 
species.* 

The  second  period  in  the  history  of  American  entomology 
now  begins,  in  the  decade  from  1840-50;  a  most  important 
epoch  in  the  intellectual  history  of  our  country.  An  independ- 
ent school  of  science  had  commenced  in  zoology  by  the  inves- 
tigations of  James  D,  Dana  on  the  poljpes  and  Crustacea  collected 
while  attached  to  the  Exploring  Expedition  of  Captain  (now 
Admiral)  Wilkes ;  in  geology  by  James  Hall  of  the  New  York 
Geological  Survey,  and  by  the  brothers  Rogers  of  the  Pennsyl- 
vania and  Virginia  Surveys.  Prof.  Agassiz  also  came  to  us, 
introducing  methods  of  systematic  instruction,  which  previousl}' 
each  student,  after  many  trials,  had  to  invent  by  himself,  and  for 
himself  alone ;  and  with  his  unequalled  ability  as  a  lecturer  to 
excite  enthusiasm  in  his  hearers,  he  added  a  powerful  stimulus  to 
the  cultivation  of  natural  history,  the  eflEects  of  which  can 
hardly  be  exaggerated.  With  few  exceptions,  the  zoological 
students  who  have  since  become  prominent  in  the  United  States 
have  been  instructed  for  a  longer  or  shorter  period  by  him ;  and 
it  has  been  a  frequent  cause  of  regret  to  me,  that  my  early  efforts 

*  I  have  pnrpoBcly  excluded  f^'ora  this  sketch  of  American  entomology  the  illns- 
tratetl  work  of  Boisdiival  and  LeConte  on  the  Lepidoptera  of  North  America.  Ai* 
tboiigh  the  task  of  collecting  matoiial  and  making  notes  on  the  habits  of  Inrvie  with 
many  drawings  occupied  my  father,  Major  John  LeConte,  for  several  years,  the  text 
of  the  work  and  the  systematic  arrangement,  sucli  as  it  was,  were  prepared  abroad, 
not  at  all  under  his  control;  and  the  work  was  stopped  before  the  completion  of  the 
first  volume.  All  the  notes  and  drawings  which  were  to  have  been  used  in  the  study 
of  the  Heterocera  were  retained  by  his  coeditor,  and  still  remain  in  Europe. 
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in  science  had  not  been  directed  by  one  who  could  so  thoroughly 
combine  kindness  in  instruction  with  firmness  in  criticism  ;  who 
could  so  well  temper  the  natural  impatience  for  rapid  publication 
of  the  young  and  inexperienced  observer,  to  that  calmness  of 
judgment  which  permits  nothing  to  be  published  until  it  ex- 
presses the  best  results  which  the  author  can  at  that  time  pro- 
duce. 

Another  most  valuable  auxiliarj'  to  science  in  the  United  States, 
belonging  to  the  same  decade,  was  the  establishment  of  the  Smith- 
sonian Institution,  on  a  secure  basis,  and  nearly  in  the  form  de- 
vised by  its  learned  secretary.  Prof.  Joseph  Henry  ;  whereby  the 
funds  were  employed  chiefly  in  the  assistance  of  investigators  and 
explorers,  and  in  the  publication  of  scientific  memoirs. 

It  has  long  been  the  privilege  of  those  who  labor  to  extend 
the  boundaries  of  human  knowledge  to  work  hard  and  (in  ordi- 
nary phraseology)  to  find  themselves  ;  and,  until  the  organization 
of  the  Smithsonian  Institution,  it  was  their  further  privilege,  in 
this  country,  to  publish  at  their  own  individual  expense  all  me- 
moirs, which  from  bulk  or  cost  of  illustration  were  be3'ond  the 
limited  means  of  local  scientific  societies. 

Under  the  fostering  influence  of  this,  among  the  most  noble 
of  the  intellectual  charities  of  the  age,  many  valuable  works  on 
abstract  science  have  been  published  ;  which,  though  produced  in 
less  than  one-third  of  a  century,  by  a  small  number  of  investiga- 
tors, thinly  dispersed  over  a  large  extent  of  territory,  would  do 
honor  to  older  communities,  in  which  students  of  science  and  their 
labors  are  not  unfrequently  cared  for  by  the  protecting  influence  of 
government. 

It  has  thus  come  to  pass  that  manuals  and  catalogues  of  sevei-al 
orders  of  insects  have  been  prepared  by  the  students  best  qualified 
to  give,  in  a  condensed  form,  compilations  of  the  latest  results  of 
investigation,  or  entitled  to  put  forth  their  own  views  of  classifica- 
tion, as  worthy  of  acceptance ;  and  in  the  preparation  of  this 
series  of  works,  valuable  assistance  has  been  rendered  in  orders 
which  had  not  received  attention  from  our  native  students,  by 
some  of  the  best  European  authorities  on  those  subjects,  among 
whom  are  specially  to  be  remembered  with  gratitude  Hagen,  Loew, 
Osten-Sacken  and  De  Saussure. 

The  excellence  of  the  momoirs  thus  published  by  the  Smithso- 
nian Institution  results  from  two  facts  ;  the  persons  invited  to  pre- 
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pare  the  works  are  those  who  are  recognized  by  scientific  men  as 
most  competent  for  the  labor ;  and  tlie  memoirs  when  prepared  are 
submitted  to  committees  capable  of  judging  of  their  value.  Neg- 
lect of  these  precautions  will  probably  ensure  greater  or  less  failure 
in  attempts  to  procure  works  for  either  primary  or  advanced  sci- 
entific instruction  ;  and  I  am  the  more  confirmed  in  this  opinion 
b}'  tlie  miserable  result  attending  the  munificent  expenditure  of 
tiie  state  of  New  York,  on  the  volume  illustrative  of  insects  in- 
jurious to  agriculture.  Compiled  by  a  person  ignorant  of  the 
science,  and  illustrated  by  a  draughtsman  untrained  in  natural 
history  drawing,  it  remains  a  permanent  example  of  misplaced 
confidence  and  liberality ;  an  equal  disgrace  to  the  legislation,  the 
science  and  the  art,  of  the  great  state  in  which  it  was  published. 

The  possibility  of  acquiring  some  knowledge  of  our  insects, 
without  the  possession  of  large  costly  libraries  which  up  to  this  pe- 
riod were  indispensable,  soon  made  tlie  science  more  popular  ;  and 
the  names  of  the  species  beginning  to  be  known,  many  persons 
were  attracted  to  form  collections,  and  others  to  the  equally  fas- 
cinating study  of  tha  life  history  of  individual  objects. 

Thus  arose  the  present  condition  of  economic  entomology  ;  and 
the  biological  studies  commenced  years  before  by  Dr.  Harris  were 
worthily  continued  by  Dr.  A.  Fitch  of  New  York,  and  the  state  en- 
tomologists afterwards  appointed  in  several  of  the  Western  States. 

Most  prominent  among  those  to  whom  we  are  indebted  for  the 
development  of  practical  entomology  was  the  lamented  B.  D. 
Walsh,  of  Rock  Island,  Illinois  ;  an  Englishman  by  birth,  bringing 
to  this  country  a  mind  well  trained  in  classical  and  scientific  in- 
struction by  a  thorough  University  course,  and  animated  by  an 
enthusiastic  love  not  only  for  science  but  for  truth  and  consistency 
in  life. 

The  "  Practical  Entomologist,"  a  monthly  magazine,  published 
(1865  to  1867)  by  a  committee  of  the  entomological  society  of 
Philadelphia,  was  edited  chiefly  by  him.  Its  successors,  the 
"  American  Entomologist  "and  '*  American  Entomologist  and  Bot- 
anist," of  St.  Louis,  were  edited  by  Mr.  Walsh,  and  Mr.  C.  V. 
Riley,  the  accomplished  state  entomologist  of  Missouri.  These 
volumes  will  be  often  referred  to,  not  only  for  the  meritorious  es- 
says on  injurious  insects  and  for  the  excellent  suggestions  towards 
controlling  these  pests,  but  still  more  for  the  fearless  and  caustic 
manner  in  which  the  editors  exposed  man}'  quack  contrivances  for 
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exterminating  our  insect  enemies ;  thus  endeavoring  to  protect  our 
too  credulous  farmers  against  the  pretensions  of  ignorant  invent- 
ors and  shameless  empirics. 

Last  to  be  mentioned,  because  the  most  recent,  of  the  aids  for 
the  cultivation  of  entomology,  and  for  popularizing  the  science, 
is  the  "  Guide  to  the  Study  of  Insects,"  by  Dr.  A.  S.  Packard,  Jr. ; 
a  most  judicious  and  excellent  compilation  from  the  best  works  on 
the  various  orders,  adapted  to  the  North  American  fauna,  and  il- 
lustrated with  copious  and  well  drawn  original  figures,  combined 
with  no  insignificant  portion  of  the  author's  own  investigations 
chiefly  in  embryology. 

Having  now  shown,  by  a  hasty  survey  of  the  past,  the  gradual 
progress  of  our  science,  let  us  consult  in  regard  to  what  is  to  be 
done  to  perfect  the  structure,  the  foundations  of  which  are  thus 
securely  laid,  and  above  all,  what  is  necessary  to  popularize  and 
utilize  the  great  mass  of  information  which  has  been  obtained  by 
BO  much  labor. 

Of  all  the  branches  of  zoology,  there  is  none  more  intimately 
connected  with  the  great  agricultural  interests  than  entomology  ;^ 
and  yet  from  the  vast  number  of  objects  involved  in  the  stud}-, 
many  of  which,  on  account  of  their  small  size,  are  with  difl5cult3'^ 
recognized  by  the  untrained  observer,  and  also  from  the  compli- 
cation of  metamorphosis  and  habits  such  as  are  seen  in  no  other 
department  of  the  animal  kingdom,  there  is  no  branch  of  natural 
history  which  requires  for  its  elucidation  greater  industry,  or 
higher  powers  of  scientific  analysis.  For  the  same  reasons,  none 
of  the  inferior  animals  are  so  well  fitted  to  elude  and  resist  human 
control.  We  may  therefore  expect  the  practical  application  of  the 
abstract  truths  and  facts  contained  in  the  science  to  be  a  task  of 
more  than  ordinary  difficulty,  requiring  the  assistance  of  the  most 
learned  students  and  the  most  ingenious  investigators. 

I  may,  perhaps,  be  accused  of  uttering  a  very  vapid  truism, 
when  I  assert  that  before  any  science  is  capable  of  rational  prac- 
tical application,  the  science  must  be  well  advanced,  or  at  least 
its  general  principles  and  methods  of  investigation  firmly  estab- 

*  "  The  entire  sum  expended  by  Congress,  or  by  our  various  State  Legislatnres  for 
this  purpose  (fi  om  1776-18(;9)  cannot  exceed  $9U.000  to  $100,000,  or  about  $1,000  a  year.  Yet 
the  annual  damage  done  by  in sef'.ts  within  the  limits  of  tlic  United  States  cannot  be  less 
than  ($300,000,000)  three  hundred  millions  of  dollars.     A  A.  Entoni.  and  Bot.  ll,  109. 

"Napoleon,  at  the  summit  of  his  prosperity,  never  inflicted  more  damage  on  a  nation 
than  the  liliputian  insect  army  iufliuts  on  the  United  States.'*    Jbid.,  ii,  S<57. 
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lislied  ;  and  further  that  the  application  must  be  made  by  those 
Vfho  are  fully  informed  as  regards  the  science.  Yet,  by  neglect  of 
this  apparent  axiom,  we  have  seen  that  the  great  state  of  New 
York  expended  a  sum  of  money,  almost  sufficient  to  print  all  the 
useful  books  on  entomolog}'  since  published  in  the  United  States, 
upon  one  quarto  volume,  which  is  a  monument  only  of  presump- 
tion and  ignorance. 

I  may  be  excused,  then,  if  I  mention,  first,  those  things  which 
in  my  opinion  will  contribute  to  a  more  rapid  advance  in  the  de- 
scriptive and  S3'8tematic  portions  of  our  science,  and  conclude  with 
those  relating  to  its  future  usefulness. 

First,  then,  will  come  the  completion  of  the  series  of  works,  pub- 
lished b}' the  Smithsonian  Institution,  on  the  classification  of  the 
several  orders.  For  this,  students  must  be  found,  vyho  will  devote 
themselves  to  the  study  of  those  orders  which  have  been  here- 
tofore neglected.  This  series  must  be  supplemented  by  synony- 
raical  and  bibliographical  catalogues,  and  finally  by  S3'nopses  of 
species  in  each  order,  to  which  supplements  must  from  time  to  time 
be  made,  to  diminish  as  far  as  possible  the  necessity  of  reference 
to  other  works,  and  thus  place  the  accurate  results  of  science 
within  reach  of  persons  who  can  ill  afford  the  costly  libraries  now 
necessar}^  for  reference. 

Second,  and  equally  important,  will  be  the  formation  of  t7/pe 
collections  for  the  identification  of  species.  The  number  of 
species  is  so  vast,  the  differences  so  small,  and  the  multitude 
of  new  forms,  not  yet  represented  in  collections,  so  great,  that 
the  best  descriptions  that  can  be  written  do  not  obviate  the  ne- 
cessity of  referring  at  times  to  the  original  types  for  comparison, 
and  the  amount  of  time,  labor  and  expense  saved  to  students,  by 
having  the  whole  of  the  information  within  reach  at  one  place  for 
each  order  of  insects,  can  scarcely'  be  estimated. 

These  type  collections  should  be  in  the  possession  of  the  stu- 
dent who  can  make  best  use  of  them  for  the  present  interests  of 
science,  and  on  his  death,  or  retirement  from  intellectual  pursuits, 
should  not  be  exposed  for  sale,  or  to  any  other  vicissitudes  of  for- 
tune, but  should  be  given  to  his  successor  in  science,  or  placed  in 
some  public  institution  where  they  will  be  most  carefully  preserved 
and  used  only  for  reference. 

The  liberality  of  friends,  both  at  home  and  abroad,  has  already 
made  my  collection  of  coleoptera  such  a  type  collection,  and  with 

A.  A.  A.  S.  VOL.  XZII.  B.  (2) 
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the  exception  of  a  moderate  number  of  species  described  in  Europe, 
of  which  no  duplicates  can  be  obtained,  and  a  very  small  number 
which  I  have  described  from  other  collections,  at  the  solicitation  of 
their  owners,  it  contains  tj'pes  of  nearly  all  the  described  cole- 
optera  of  America  north  of  Mexico.  From  the  saving  of  time 
both  to  students  who  visit  my  collection,  and  to  myself  in  naming 
series  for  correspondents,  1  cannot  too  strongly  recommend  the 
formation  of  similar  collections  in  other  orders  of  insects. ^ 

The  last  portion  of  our  subject  yet  remains  to  be  discussed  ; 
the  practical  application  of  the  great  mass  of  scientific  truth 
which  has  been  thus  far  gathered  in  relation  to  the  structure, 
classification,  habits  and  life  history  of  insects. 

Of  the  immense  number  of  insects  which  are  found  in  any  given 
portion  of  the  earth's  surface,  comparatively  few  are  capable  of 
becoming  so  numerous  as  to  afiect  plants  injuriously.  But  from 
time  to  time,  the  interference  of  man  in  the  progress  of  civiliza- 
tion destroys  the  balance  which  previously  existed,  and  insects,  be- 
fore unimportant  by  reason  of  their  comparatively  small  numbers, 
finding  the  checks  to  their  increase  removed,  suddenly  become 
very  destructive  to  one  or  another  of  our  agricultural  products. 

In  this  case  what  is  to  be  done?  Obviously  there  are  but  two 
courses ;  the  first  to  abandon  the  crop,  until  the  insect  enemy  is 
reduced  by  starvation  to  its  former  insignificance ;  the  other  is  to 
establish,  by  human  intelligence,  a  system  of  checks  to  take  the 
place  of  the  divine  machinery  which  has  been  interfered  with  by  the 
same  human  intelligence.  The  second  is  the  course  that  is,  and 
probably  will  continue  to  be,  generally  adopted. 

This  new  system  of  checks,  according  to  the  habits  of  the  insect 
to  be  suppressed,  may  be  divided  into  (1)  those  requiring  per- 
sonal labor  and  diligence  alone;  (2)  personal  labor  assisted  by 
contrivances ;  (3)  automatic  contrivances,  not  requiring  personal 
attention  (including  the  use  of  poisons ;  (4)  the  production  of 
diseases ;  (5)  the  introduction  of  parasites  and  other  enemies. 

Under  the  1st  head  may  be  mentioned  the  destruction  of  larvae 


*  Ab  a  proof  of  Uie  earnestnees  of  this  recommendation,  as  weU  as  a  duty  I  owe  to 
those  interested  in  the  progress  of  the  science,  who  have  cooperated  with  me  in  plac- 
ing their  types  in  my  collection,  I  hereby  pledge  myself  that  my  collection  shnll  never 
be  sold  or  divided,  but  that  it  shall  bo  placed  permanently  where  it  can  be  best  cai*ed 
for,  and  made  accessible  for  the  authentication  of  specimens.  And  I  invite  those  who 
are  willing  to  sacrifice  rarities,  or  even  uniques  in  their  collections  for  such  a  purpose, 
to  send  them  to  me,  with  the  full  confidence  that  they  are  thus  rendering  them  of  mora 
general  use  than  they  can  be  in  local  collections. 
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of  borers  by  wires,  etc. ;  2nd,  the  collecting  of  plum  weevils, 
potato  chrysomalae,  etc.,  by  large  nets,  and  their  subsequent  de- 
struction ;  8rd,  sugaring  with  poisoned  food,  specially  applicable  ' 
to  nocturnal  lepidoptera,  and  the  use  of  fires,  or  lanterns  with  a 
vessel  of  poison,  to  attract  nocturnal  species ;  4th,  tlie  communi- 
cation of  fungoid  disease  (like  pebrine^  which  affects  the  silkworm) 
to  other  lepidopterous  larvge  ;^  5th,  the  introduction  and  preserva- 
tion of  Insectivorous  mammals,  birds,  reptiles  and  insects  according 
to  the  particular  indication  of  the  case ;  and  the  transportation  of 
parasites  known  to  affect  the  pest  in  other  localities.^ 

In  the  last  annual  report  of  Mr.  C.  V.  Riley,  Missouri  state  en- 
tomologist, there  is  a  very  eflfective  comparison  of  the  ravages 
made  by  the  gregarious  insect  pests  with  the  destruction  caused  by 
an  invading  army.  The  same  simile  has  been  frequently  used  by 
me  in  conversation,  and  has  doubtless  often  occurred  to  many  of 
you.  The  application  of  it  made  by  Mr.  Riley  is  that,  if  an  enemy 
were  to  cause  a  small  fraction  of  the  injuiy  which  results  each  year 
from  the  depredations  of  even  one  of  several  of  our  insect  enemies, 
the  whole  country  would  resound  with  a  clamor  for  the  suppression 
of  the  invaders.  The  memory  of  a  colossal  conflict  is,  alas !  still 
fresh  in  out  minds,  and  I  desire  not  to  awaken  the  painful  recol- 
lections which  rest  in  the  bosoms  of  us  all ;  but  leaving  out  reference 
to  the  distressing  scenes  which  we  have  all  witnessed,  there  was 
much  of  the  ludicrous,  from  which  we  may  on  this  occasion  derive 
profit,  or  at  least  the  material  for  cany  ing  our  simile  somewhat 
farther. 

Putting  out  of  view  for  the  moment  the  noble  patriotism  of  the 
uncorrupted  and  incorruptible  masses  of  our  nation,  prominent 
among  whom  were  the  great  agricultural  class,  whose  interests  it 
is  the  object  of  the  present  inquiry  to  protect,  we  all  remember 
vividly  the  eager  struggle  of  small  politicians  for  staff  appoint- 
ments, of  greater  politicians,  innocent  of  martial  training,  for 
higher  commands  ;  the  zeal  of  contractors  to  furnish  supplies  for 
the  soldiers  in  the  field  (sometimes,  as  in  the  case  of  shaving  soled 

*1  am  extremely  bopefnl  of  the  result  of  using  this  method.  I  have  learned  of  an 
Instance  in  which  firom  the  communication  of  the  disease  by  some  siIlcwoi*ms,  ilie  whole 
of  the  caterpillars  in  a  nine*acre  piece  of  woods  were  destroyed. 

'I  learn  from  theSrd  annual  report  of  Dr.  W.  LeBaron,  Illinois  state  entomologist , 
that,  in  accordance  with  ideas  first  published  by  Mr.  B.  D.  Walsh,  a  Chalcideous  para- 
site of  a  coccus,  which  attacks  the  apple  tree,  has  probably  been  successfully  intro- 
duced into  the  northern  part  of  the  state,  where  It  was  previously  unknown.  ( Op.  cit.y 
p.  800.) 
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shoes,  and  shoddy  garments,  rather  aggravating  than  relieving  their 
sufl'erings)  ;  the  general  hurry  and  scurry,  and  bustle  and  turmoil, 
to  do  everything  hastily  and  with  the  greatest  pecuniar^'  profit. 

Why  was  all  this?  Was  the  great  glory  to  be  obtained  in  mili- 
tary service,  when  man  fights  man,  the  stimulus?  Is  there  not 
equal  glory  in  the  more  laborious,  albeit  peaceful  combats  of  sci- 
ence, when  man  subdues  the  inorganic  or  the  organic  powers  which 
resist  his  will,  and  makes  them  subject  to  his  control?  Or  is  it, 
perhaps,  to  use  a  common  phrase  of  the  period,  because  there  was 
money  in  it? 

If  the  latter  be  a  part  of  the  cause  of  the  agitation  to  which  we 
allude,  let  us  see  if  the  same  idea  cannot  be  utilized  for  our  pres- 
ent purpose.  There  is  money,  aye,  much  money,  in  any  well  de- 
vised scheme  for  the  practical  application  of  entomology'  to  the 
protection  of  agricultural  interests.  First,  there  is  the  saving  of 
untold  millions  in  the  production*  of  the  country,  now  destro^-ed 
l)y  insect  pests.  Second,  there  is  the  necessity  for  the  expansion 
and  reorganization  of  the  Department  of  Agriculture,  so  that  it 
will  represent  and  protect  the  farmers,  to  the  same  extent  that  the 
Coast  Survey  protects  the  commercial  interests  of  the  nation. 

In  this  expansion  and  reorganization  of  the  Department  of  Agri- 
culture the  controlling  power  should  be  the  highest  scientific  ability 
that  can  be  procured  for  the  place,  and  thetflUce  should  cease  to  be 
as  it  has  been  since  its  establishment,  a  semi-sinecure  for  persons 
of  small  or  local  political  influence.  New  places  would  have  to  be 
created,  but  with  a  moderate  sprinkling  of  good  working  scientific 
men,  many  of  these  might  be  regarded  like  other  ofl3ces,  as  the 
spoils  of  the  dominant  political  party,  and  the  interests  of  the 
farmer  still  be  protected.  Better  would  it  be,  though,  if  the  latter 
class  should  demand  that  the  government  give  them  a  thoroughly 
organized,  compact,  industrious  body  of  the  best  trained  scientific 
men,  to  teach  them  what  should  be  done  to  control  the  destroyers 
of  their  labor. 

There  is  now  lying  idle  in  Washington  a  great  mass  of  notes  on 
habits  of  injurious  insects,  collected  by  the  untiring  exertion  of 
Mr.  T.  Glover,  the  industrious  entomologist  of  the  Department  of 
Agriculture.  This  material,  iu  its  present  imperfect  form,  if  ar- 
ranged under  proper  scientific  supervision,  and  illustrated  by 
figures  submitted  to  judicious  criticism,  and  then  published  in  the 
same  careful  manner  as  the  explorations  of  the  Engineers,  the 
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Coast  Survey,  and  other  scientific  departments  of  the  government, 
would  be  of  great  utility  in  preparing  the  condensed  reports,  which 
should  finally  be  accessible  to  every  intelligent  agriculturist. 

One  more  illustration,  and  we  will  dismiss  this  already  some- 
what prolix  simile  of  the  invading  army. 

As  in  all  such  cases  of  aggression,  it  is  competent  with  the 
higher  military  authorities  to  take  private  property  for  the  benefit 
of  the  nation  ;  so,  too,  a  power  similar  in  its  results,  though  less 
despotic  in  its  exercise,  is  necessarj^  in  our  contests  with  the 
organic  "  powers  of  the  air, "  which  attack  our  fields.  How  this 
authority  is  to  be  localized  and  manifested  admits  of  much  dis- 
cussion, to  enter  upon  which  would  tax  your  patience,  and  prolong 
this  discourse  far  beyond  the  limits  to  which  I  intend  to  confine  it. 
For  the  moment,  the  following  may  be  suggested,  with  some  mod- 
ifications, as  probably  feasible  in  the  extreme  cases,  fortunately 
few  in  number,  which  may  be  exemplified  by  such  destructive  at- 
tacks as  the  army  or  boll-worm  upon  cotton  ;  the  Hessian  fly  upon 
wheat ;  Scolytidie  (bark  borers)  upon  pine  forests ;  and  the  cur- 
culio  upon  plums  and  allied  fruits. 

The  establishment  of  a  fund,  by  the  assistance  of  the  federal 
government,  state,  or  county  authorities,  or  by  private  combina- 
tions, from  which  are  to  be  paid  owners  of  infected  crops,  which 
are  destroyed  in  order  to  prevent  the  spread  of  the  infection.  This 
must  of  course  be  done  under  the  advice  of  intelligent  and  care- 
fully chosen  agents  of  the  authority  by  which  the  fund  is  to  be 
dispensed.  The  rate  of  compensation  could  be  easily  determined 
at  the  end  of  the  season  by  the  average  value  or  yield  of  similar 
crops  in  the  vicinity,  and  should  be  such  a  liberal  fraction  of  the 
full  value,  as  would  stimulate  the  owner  of  the  property  to  be  de- 
8tro3'ed  to  declare  the  infection  at  the  earliest  possible  moment, 
but  at  the  same  time  not  so  large  as  to  prevent  due  diligence  on 
his  part  to  confine  the  infection  within  the  smallest  limits. 

Besides  these  two  measures,  which  I  consider  of  primary  im- 
portance, there  are  several  others,  more  easily  under  present  con- 
trol, by  the  adoption  of  which  our  accurate  knowledge  of  the 
really  formidable  insect  pests  can  be  greatly  increased,  and  the 
means  for  their  suppression  intelligently  and  suflficiently  applied. 
With  a  condensed  statement  of  them,  I  shall  conclude  my  dis- 
course, thanking  you  for  the  kind  attention  with  which  you  have 
favored  mc. 
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1.  Reorganization  of  the  Department  of  Agriculture,  on  a  sci- 
entific basis,  for  the  proper  protection  and  advancement  of  agri- 
cultural interests. 

2.  Preparation  of  lists  of  the  most  destructive  insect  pests, 
with  condensed  notes  of  what  is  now  known  concerning  them,  that 
attention  may  be  directed  specially  to  those  investigations  neces- 
sary to  complete  our  knowledge. 

3.  Coordination  and  cooperation  of  state  entomologists  with 
the  chief  of  the  Department  of  Agriculture,  that  they  may  work 
harmoniously  and  intelligently  in  concert,  and  thus  avoid  the  waste 
of  labor  now  resulting  from  duplicate  observations  and  repetitions 
in  publication  :  collateral  to  this,  the  publication  each  year  of  a  brief 
report  containing  such  important  advances  made  in  the  science, 
both  at  home  and  abroad  as  should  be  made  known  to  the  farmers. 

4.  Accurate  calendars  to  be  prepared  of  the  appearance,  disap- 
pearance and  other  phenomena  of  the  history  of  the  most  injurious 
insects  in  different  parts  of  the  country. 

5.  Contrivance  of  apparatus  on  a  large  scale,  by  which,  with 
the  least  expenditure  of  material  and  labor,  the  nocturnal  species 
may  be  attracted  by  light,  and  dropped  into  a  vessel  containing 
cyanide  of  potassium  or  other  poisonous  substance. 

6.  Experiments  on  the  effects  of  poisons  upon  those  species 
whose  habits  permit  the  wholesale  application  of  such  means  of 
destruction :  especially  adapted  to  nocturnal  lepidoptera  by  the 
process  known  as  sugaring  for  moths. 

7.  Careful  study  of  epidemic  diseases  of  insects,  especially 
those  of  a  fungoid  nature :  and  experiments  on  the  most  effective 
means  of  introducing  and  communicating  such  diseases  at  pleasure. 

8.  The  preparation  by  our  best  instructed  entomologists  work- 
ing in  concert,  of  one  or  more  elementary  books  suitable  for  use 
in  schools,  giving  in  a  compendious  form  the  general  principles  of 
the  science,  and  indications  for  applying  the  knowledge  to  prac- 
tical results. 

9.  The  appointment  in  agricultural  colleges  of  competent  pro- 
fessors of  entomology,  who  have  been  trained  in  a  scientific  school, 
to  fit  them  for  tlie  duty  of  instruction. 

10.  The  establishment  of  the  means  of  compensation  for  com- 
pulsory or  voluntary  destruction  of  crops  infected  by  formidable 
pests,  as  above  mentioned. 
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Note  on  Bupo  Ambricanos.     By  Thohas  Hill,  of  Portland,  Me. 

This  note  is  intended  as  a  contribution  toward  the  ps3-cliology 
of  the  American  toad ;  simply  presenting  some  evidences  of  in- 
telligence and  of  capacity  for  learning  to  which  I  have  been 
witness. 

In  the  summers  of  1843-5,  an  old  toad  used  to  sit  under  the 
door  of  a  beehive  every  fine  evening,  and  dextrously  pick  up  those 
bees  which,  overladen  or  tired,  missed  the  doorstep  and  fell  to  the 
ground.  He  lost,  by  some  accident,  one  eye,  and  it  was  observed 
by  several  members  of  the  family,  as  well  as  myself,  that  he  had 
with  it  lost  his  ability  to  pick  up  a  bee  at  the  first  trial ;  his 
tongue  struck  the  ground  on  one  side  the  bee :  but  after  several 
weeks'  practice  witli  one  eye  he  regained  his  old  certainty  of  aim. 

I  have  never  seen  our  toad  use  his  hands  to  crowd  his  food  into 
his  mouth  as  the  European  toad  is  said  to  do ;  although  he  uses 
them  freely  to  wipe  out  of  his  mouth  any  inedible  or  disagreeable 
substance.  When  our  toad  gets  into  his  mouth  part  of  an  insect 
too  large  for  his  tongue  to  thrust  down  his  throat  (and  I  have 
known  of  tlieir  attempting  full  grown  larvae  of  Sphinx  qxiinquemao 
ulatus,  and  even  a  wounded  hummingbird)  he  resorts  to  the 
nearest  stone  or  clod  and  presses  the  protruding  part  of  his 
mouthful  against  it  and  thus  crowds  it  down  his  throat.  This 
can  be  observed  at  any  time  by  entangling  a  locust's  hind  legs  to- 
gether and  throwing  it  before  a  small  toad. 

On  one  occasion  I  gave  a  "  yellow-striped  "  locust  to  a  little 
toad  in  its  second  summer,  when  he  was  in  the  middle  of  a  very 
wide  gravel  walk.  In  a  moment  he  had  the  locust's  head  down 
his  throat,  its  hinder  parls  protruding :  and  looked  around  for  a 
stone  or  clod,  but  finding  none  at  hand,  in  either  direction,  he 
bowed  his  head,  and  crept  along,  pushing  the  locust  against  the 
ground.  But  the  angle  with  the  ground  was  too  small  and  my 
walk  too  well  rolled.  To  increase  the  angle  he  straightened  his 
hind  legs  up,  but  in  vain.  At  length  he  threw  up  his  hind 
quarters,  and  actually  stood  on  his  head,  or  rather  on  the  locust 
sticking  out  of  his  mouth,  and  after  repeating  this  once  or  twice 
succeeded  in  "  getting  himself  outside  of  his  dinner." 

But  these  instances  of  ingenious  adaptation  to  the  circum- 
stances were  exceeded  by  a  toad  about  four  3'ears  old  at  Antioch 
college.     I  was  tossing  him  earthworms  while  digging,  and  pres- 
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ently  threw  liiin  so  large  a  specimen  that  he  was  obliged  to  attack 
one  end  only.  That  end  was  instantly  transferred  to  his  stomach, 
the  other  end  writhed  free  in  air,  and  coiled  about  the  toad*s  head- 
lie  waited  till  its  writhings  gave  him  a  chance,  swallowed  half  an 
inch,  then  taking  a  nip  with  his  jaws,  waited  for  a  chance  to  draw 
in  another  half-inch.  But  there  were  so  many  half-inches  to  dis- 
pose of  that  at  length  his  jaws  grew  tired,  lost  their  firmness  of 
grip,  and  the  worm  crawled  out  five-eighths  of  an  inch,  between 
each  half-inch  swallowing.  The  toad,  perceiving  this,  brought  his 
right  hind  foot  to  aid  his  jaws,  grasping  his  abdomen  witii  his  foot, 
and,  by  a  little  effort,  getting  hold  of  the  worm  in  his  stomach 
from  the  outside ;  he  thus  by  his  foot  held  fast  to  what  he  gained 
by  each  swallow,  and  i)resently  succeeded  in  getting  the  worm 
entirely  down. 

A  garter  snake  was  observed  this  summer  in  North  Conway 
pushing  a  toad  down  his  throat  by  running  it  against  clods  and 
stones :  just  as  the  toad  crowds  down  a  locust. 

The  amount  which  a  toad  can  eat  is  surprising.  One  Tuesday 
morning  I  threw  a  Coreus  tristis  to  a  young  toad  ;  he  snapped  it  up, 
but  immediately  rejected  it,  wiped  his  mouth  with  great  energy, 
and  then  hopped  away  with  extraordinary  rapidity.  I  was  so 
much  amused  that  1  gathered  some  more  of  the  same  bug  and 
carried  them  to  a  favorite  old  toad  at  the  northeast  corner  of  ray 
house.  He  ate  them  all  without  making  any  wr}'  faces.  I  gath- 
ered all  that  I  could  find  on  m^'  vines,  and  he  ate  them  all,  to  the 
number  of  twenly-three.  I  then  brought  him  some  larvae  of  Py- 
gfjara  ministra^  three-quarters  grown,  and  succeeded  in  enticing 
him  to  put  ninety-four  of  them  on  top  of  his  squash  bugs.  Find- 
ing tliat  his  virtue  was  not  proof  against  the  caterpillars  when  I 
put  them  on  the  end  of  a  straw  and  tickled  his  nose  with  them, 
he  at  length  turned  and  crei)t  under  the  piazza,  where  he  remained 
until  Friday  afternoon,  digesting  his  feast. 

A  gentleman  having  read  this  paper  told  me  he  had  seen  the 
toad  tuck  in  the  last  inch  of  an  earthworm  with  his  hand,  Euro- 
pean fashion.  I  then  remembered  that  1  have  several  times  seen 
our  toad  put  the  last  quarter-inch  of  earthworms  in  with  his  hand  ; 
but  never  saw  him  take  his  hand  to  a  locust. 
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On  Staurolite  Crystals  and  Green  Mountain  Gneisses  of 
THE  Silurian  Age.     By  J.  D.  Dana,  of  New  Haven,  Conn. 

In  a  paper  published  in  the  "  American  Journal  of  Science  "  in 
1872  I  mentioned  the  fact,  first  noticed  by  Percival,  that  crystals 
of  staurolite  are  found  in  Salisbury,  Connecticut,  in  mica  schist 
"  underlying "  directly  the  Stockbridge  or  Canaan  limestone. 
Since  then  I  have  found  in  southern  Canaan,  at  a  localit}'  in  Falls 
Village,  west  of  the  Housatonic  River  (to  which  I  was  directed 
by  Dr.  Stephen  Reed  of  Pittsfield),  crystals  of  this  mineral  in  a 
very  similar,  well-characterized  mica  schist ;  but  in  this  case,  the 
schist  overlies  the  limestone  and  is,  therefore,  the  newer  rock.^ 
This  staurolitic  mica  schist  contains  also  small  garnets.  The 
order  of  superposition  is  free  from  all  doubt,  for  the  Canaan 
limestone  outcrops  at  the  bottom  of  the  same  hill,  from  beneath 
the  schist,  and  the  dip  is  not  over  fifteen  degrees. 

The  age  of  the  Stockbridge  limestone  is  admitted  by  all  recent 
writers  on  the  subject  to  be  Lower  Silurian.  Logan  referred  it  to 
the  Quebec  group  or  the  formation  next  below  the  Chazy.  But 
since  then  Billings  has  described  fossils  from  the  same  limestone 
at  West  Rutland,  which  he  has  identified  as  Chazy.  And  the 
Crinoids  and  other  species,  mentioned  in  the  '* Vermont  Geological 
Report  "as  found  in  the  limestone  at  other  Vermont  localities 
appear  to  show,  as  long  since  suggested  by  Professor  James  Ilall, 
that  the  Trenton  limestone  is  also  present  in  the  formations.  The 
Chaz\'  and  Trenton  limestones  (Black  River  included)  follow  one 
another  in  New  York,  and  the  west  and  south.  That  the  Canaan 
limestone  is  the  same  identical  stratum  that  occurs  at  Stockbridge 
in  Massachusetts,  and  farther  north  at  Pittsfield,  I  know  from  a 
personal  tracing  of  the  rock  throughout  this  region  ;  and  examina- 
tions still  farther  north  in  Massachusetts  and  Connecticut  lead  me 
to  believe  in  the  conclusion  of  the  geologists  of  the  Vermont 
survey,  that  all  is  one  formation  —  the  Stockbridge  limestone,  or 
the  Eolian  as  Hitchcock  named  it. 

The  fossils  found  in  Vermont  lead  to  the  conclusion  that  the 
limestone  represents  the  Trenton  era  as  well  as  the  Chazy.  The 
overlying  mica  schist  and  other  associated  rocks  have  a  thickness 
of  at  least  three  thousand  feet ;  and,  if  the  limestone  is  Trenton 

>  From  facts  I  have  observed  elsewhere,  I  think  it  probable  the  Salisbury  schist  is 
also  an  overlying  rock. 
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in  part,  they  belong  to  an  era  later :  either  to-  a  closing  part  of 
the  Trenton  period,  or  to  the  period  of  the  Hudson  River  or 
Cincinnati  group. 

In  any  case  there  is  no  reason  to  doubt  that  the  staurolites 
occur  in  rocks  of  the  later  part  of  the  Lower  Silurian  age,  and 
strong  reason  for  the  conclusion  that  these  schists  are  in  age  veri- 
table Hudson  River  rocks. 

On  this  view,  the  Hudson  River  or  Cincinnati  group,  in  the 
Green  Mountains — alike  in  Connecticut,  Massachusetts,  and  Ver- 
mont,—  includes  beds  of  quartzite,  mica  schist,  chloritic  mica 
slate,  hydro-mica  slate  (the  talcose  slate  of  the  earlier  geologists), 
well-characterized  gneiss  of  various  kinds,  some  of  it  much  con- 
torted, and  granitoid  gneiss. 

At  a  locality  at  South  Canaan  village,  in  Cobble  Hill,  the  lowest 
rock  over  the  limestone  is  quartzite ;  next  follows  mica  schist 
passing  into  gneiss ;  and  above  this  there  is  a  light-colored  grani- 
toid gneiss,  breaking  into  huge  blocks  with  very  little  of  a  schist- 
ose structure. 

Near  the  boundary  of  the  towns  of  Tyringham  and  Great  Bar- 
rington,  four  miles  east  of  the  latter  village,  a  locality  long  since 
studied  by  Mr.  R.  P.  Stevens  of  New  York,  and  by  him  pointed 
out  to  me,  there  are,  over  the  limestone,  alternating  beds  of  quartz- 
ite gneiss  and  limestone  dipping  at  a  small  angle  to  the  east- 
ward.    Commencing  below,  the  succession  is 

1.  Granular  limestone,  that  of  the  valley. 

2.  Mica  BchiKt,  a  thin  bed. 

8.  Hard  Jointed  quartzite,  30  feet. 

4.  White  grrauular  limestone.  60  feet. 

5.  Hard  jointed  quartzite,  20  feet. 
H.  Gnetddoiil  mica  schist,  30  Teot. 

7.  Bluish  granular  limestone,  40  feet. 

8.  Mica  schist,  6  to  8  feet. 

9.  Quartzite,  partly  laminated,  120  feet,  forming  a  high  bluff,  —  the  site  of  Devany's 

hearthstone  quarry;  and  then 
10.    Gneiss,  forming  the  top  of  the  bluff,  and  haring  great  thickness  in  a  ridge  to  the 
northeast,  but  in  its  upper  portions  becoming  very  silicions  or  in  part  quartzite. 

The  fact  that  quartzite,  limestone  and  gneiss  or  mica  schist 
here  alternate  with  one  another  is  beyond  question  ;  and,  if  I 
am  right  in  the  age  of  the  deposits  above  suggested,  the  alter- 
nations occur  at  the  junction  of  the  Trenton  and  Hudson  River 
formations. 

The  above  section  occurs  on  the  east  side  of  a  small  open  valley. 
On  the  west  side  of  the  same  valley  the  foot  of  the  bare  front  of 
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the  hill  consists  of  quartzite,  dipping  slightly  to  the  northwest^ 
ward,  as  if  one  side  of  a  very  gentle  anticlinal  of  which  the  rock 
of  the  Devany  quarry  is  the  opposite.  The  quartzite,  although 
hard  and  generally  pure,  contains  a  layer  of  mica  schist  ten  inches 
thick  which  becomes  pure  quartzite  a  hundred  feet  to  the  east- 
ward. Above  the  quartzite  follows  gneiss,  which  continues  west- 
ward three  miles,  in  a  shallow  synclinal,  to  Great  Harrington,  and 
there  this  gneiss  is  overlaid  by  a  second  thick  stratum  (100  feet 
or  so)  of  quartzite.  Here,  then,  there  are  two  strata  of  quartzite 
separated  by  two  or  three  hundred  feet  of  gneiss,  the  whole  over- 
lying the  Stockbridge  limestone.  The  gneiss  is  a  very  firm  rock, 
covering  the  slopes  in  some  places  with  blocks  like  houses  iu  size, 
where  upturned  through  thfe  growth  of  trees.  I  had  suspected 
that  it  was  one  of  the  older  gneisses  of  New  England,  until  I 
found  that  it  was  overlaid  by  quartzite,  and,  on  tracing  further  the 
strati flcation,  proves  that  it  belongs  unquestionably  to  the  series 
of  rocks  newer  than  the  limestone. 

From  the  facts  which  have  been  presented  it  follows  that  all 
old-looking  Green  Mountain  gneisses  are  not  pree-silurian,  and 
further,  that  the  presence  of  staurolite  is  no  evidence  of  a  pr83- 
silurian  age. 


Thb  Slates  of  the  Taconio  Mountains  of  the  Age  of  the 
Hudson  River  or  Cincinnati  Group.  By  J.  D.  Dana,  of 
New  Haven,  Conn. 
In  my  study  of  the  Stockbridge  limestone  and  the  associated 
rocks  in  Berkshire  county,  Massachusetts,  I  have  found  that  the 
ridges  are  often,  if  not  always,  synclinals.  They  consist  of  the 
slates  or  schists  (and  sometimes  quartzites)  overlying  the  lime- 
stone ;  and  in  the  downward  flexures  of  the  limestone,  during  the 
period  of  disturbance  and  metamorphism  which  made  the  moun- 
tains, the  overlying  beds  or  part  of  them  were  folded  together  into 
a  compact  mass  which  has  withstood  degrading  agents,  while  the 
same  beds  in  the  anticlinals  or  upward  flexures  were  extensively 
broken  and  have  disappeared.  The  slate  ridges  are  then  nothing 
but  squeezes  of  the  slate  formation  between  the  sides  of  a  lime- 
stone synclinal. 
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The  Taconic  mountains  lie  on  the  western  border  of  the  Berk- 
shire limestone  region  ;  and,  in  general,  the  dip  of  the  limestone, 
as  well  as  of  the  Taconic  slates  is  to  the  eastward,  and  hence  the 
slates  being  underneath  are  seemingly  the  older.  Tliey  are  actu- 
ally so,  unless  the  Taconic  ridges  are  also  synclinals,  with  an  east- 
wardly  inclined  axis,  like  some  of  the  Berkshire  mountains.  Un- 
til recently'  I  had  regarded  the  apparent  order  of  superposition  as 
the  true  order  of  succession,  that  is,  I  had  supposed  that  the  lime- 
stones were  newer  than  the  Taconic  slates.  The  conclusion 
seemed  to  be  confirmed  by  finding  at  different  places  the  slates 
and  limestones  with  the  same  high  easterly  dip,  the  slates  under- 
most. 

But  a  few  weeks  since,  on  an  exanfination  of  the  eastern  base 
of  Mt.  Washington,  the  highest  part  of  the  Taconic  range  in  south- 
western Massachusetts,  along  the  road  just  east  of  the  highest 
summit,  called  Mt.  Everett,  2,634  feet  in  height  above  the  sea, 
the  limestone  of  the  Sheffield  plain  was  found  to  have,  in- 
stead of  the  usual  easterly  dip  a  westerly  dip,  and  this  continued 
up  the  slopes  of  the  mountain  as  far  as  the  limestone  extended, 
about  120  feet  above  the  plain  and  there  the  limestone  was  seen  to 
pass  directly  beneath  the  slates  of  the  mountain,  these  having  the 
same  dip  and  strike,  the  dip  20°  to  25°.  Thus  the  limestone  was 
seen  to  descend  under  Mt.  AVashington  and  the  slates  to  be  the 
superior  rock.  Following  along  the  base  of  the  mountain  north- 
ward, this  dip  of  the  Stockbridge  limestone  under  the  mountain 
was  found  to  continue  for  nearly  four  miles,  that  is,  along  the 
whole  eastern  front. 

These  facts  seem  to  prove  that  the  limestone  of  Berkshire  goes 
under  Mt.  Washington  and  comes  up  in  the  great  limestone  of 
Copake  on  the  west  side  of  the  Taconic  range. 

I  might  show  that  there  are  probably  two  close-pressed  syn- 
clinals in  the  Mt.  Washington  plateau  (which  is  four  to  five 
miles  broad),  with  steep  easterly  inclined  axes,  and  that  these 
synclinals  are  synclinals  of  slate  riding  over  a  single  broken  syncli- 
nal of  limestone ;  that,  to  the  north  of  the  mountain,  where  the 
mountain  descends  to  the  limestone  plains  of  Egremont,  these  syn- 
clinals become  separated  and  include  an  anticlinal  of  limestone, 
the  limestone  of  the  anticlinal  appearing  in  the  intermediate 
valley  while  the  ridges  (synclinals)  are  slate  ;  and  that  the  two 
synclinals  have  an  eastwardly  inclined  axis,  the  dip  being  very 
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steep  to  the  eastward.  But  to  explain  fully  would  require  dia- 
grams, and  I  leave  the  details  for  another  place. 

Gray  lock  in  northwestern  Massachusetts,  to  the  east  of  the  line 
of  the  Taconic,  and  3500  feet  in  height,  whose  rocks  are  much  like 
those  of  Mt.  Washington,  is  described  by  Emmons  as  a  synclinal ; 
and,  after  a  survey  of  the  facts  on  the  ground,  observing  the  west- 
erly dip  of  the  limestones  of  the  eastern  slopes  near  South  Adams, 
and  the  easterly  dip  on  the  western  slopes  near  the  entrance  to  the 
"Hopper,"  as  the  great  central  valley  is  called,  I  arasatisfied  that 
he  was  right.  The  dip  at  the  summit  and  most  other  parts  is  very 
steep  to  the  eastward.  It  appears  tijen  to  be  a  result,  like  many 
other  Berkshire  Mountains,  of  a  squeeze  of  the  slates  in  a  syn- 
clinal ;  and  like  Mt.  Washington  it  is  probably  not  a  simple  syn- 
clinal. It  maybe  a  double  one,  with  the  Hopper  corresponding 
to  the  intermediate  anticlinal,  the  beds  of  the  whole  having  a  high 
dip  to  the  eastward  owing  to  the  eastward  inclination  of  the  axis 
of  the  folds.  At  North  Adams,  in  the  ridge  of  slate  just  west  of  the 
village,  the  limestone  and  slate  both  dip  eastward,  there  being  here 
the  north  end  of  one  of  the  inclined  synclinals. 

The  making  of  the  highest  summits  of  the  Taconic  region  ap- 
pears thence  to  have  depended  on  this  doubling  of  the  folds.  It  be- 
comes exceedingly  difficult  in  such  cases  to  ascertain  the  true 
thickness  of  the  slate  formation. 

In  view,  then,  of  the  facts  stated  in  my  former  article  with  regard 
to  the  age  of  the  limestone  and  its  overlying  rocks,  it  is  not  easy 
to  avoid  the  conclusion  that  the  Taconic  slates  are  Hudson  River 
slates^  as  long  since  held  by  the  Professors  Rogers ;  and,  also, 
that  the  rocks,  on  which  Prof.  Emmons,  in  his  New  York  Geolog- 
ical Report,  first  based  his  Taconic  system,  or  out  of  which  he  de- 
vised it,  are  after  all  nothing  but  the  Hudson  River  and  Trenton 
groups,  with  the  underlying  Chazy.  The  Trenton  limestone  and 
Hudson  River  or  Cincinnati  groups,  which  properly  constitute  one 
series  in  American  Geological  History,  are  then  the  true  Taconic 
system. 
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Farther  Observations  on  the  Embrtologt  of  Lihulus  with 
Notes  on  its  Affinitities.  By  A.  S.  Packard,  Jr.,  of 
Salem,  Mass. 

In  a  recent  paper  on  the  Development  of  Limulus,  published  in 
the  "Memoirs  of  the  Boston  Society  of  Natural  History,"  I  stated 
that  the  blastodermic  skin,  just  before  being  moulted,  consisted  of 
nucleated  cells,  and  also  traced  its  homology  with  the  so-called 
amnion  of  insects.  I  have  this  summer,  by  making  transverse 
sections  of  the  egg,  been  able  to  study  in  a  still  more  satisfactory 
manner  these  blastodermic  cells  and  to  observe  their  nuclei  before 
they  become  effaced  during  and  after  the  blastodermic  moult. 

On  June  17th  (the  egg  having  been  laid  May  27th)  the  periph- 
eral blastodermic  cells  began  to  harden,  and  the  outer  layer,  that 
destined  to  form  the  ^'amnion,'*  to  peel  off  from  the  primitive  band 
beneath.  The  moult  is  accomplished  by  the  flattened  cells  of  the 
blastodermic  skin  hardening  and  peeling  off  from  those  beneath. 

During  this  process  the  cells  in  this  outer  layer  lose  their  nuclei, 
and,  as  it  were,  dry  up,  contracting  and  hardening  during  the  pro- 
cess. This  blastodermic  moult  is  comparable  with  that  of  Apus, 
as  I  have  already  observed,  the  cells  of  the  blastodermic  skin  in 
that  animal  being  nucleated. 

This  blastodermic  skin  in  its  mode  of  development  may  also 
safely  be  compared  with  the  ^^amnion"  of  the  scorpion  as  described 
and  figured  b}'  Metznikoff,  and  we  now  feel  justified  in  unhesita* 
tingly  homologizing  it  with  the  "amnion"  of  insects,  in  which  at 
first  the  blastodermic  cells  are  nucleated,  and  appear  like  those  of 
Limulus.  Moreover  the  layer  of  germinal  matter,  from  which  the 
blastodermic  skin  moults  off,  may  be  compared  with  the  primitive 
bands  of  insects.  On  June  19th,  in  other  eggs,  the  cells  of  the 
blastodermic  skin  were  observed  to  be  empty,  and  the  nuclei  had 
lost  their  fine  granules,  and  were  beginning  to  disappear.  The 
walls  of  the  cells  had  become  ragged  through  contraction,  and  in 
vertical  section  short  peripheral  vertical  radiating  lines  could  be 
perceived. 

At  this  time  an  interesting  phenomenon  w^as  observed.  In  cer- 
tain portions  of  the  blastodermic  skin,  or  amnion,  the  cells  had 
become  effaced,  and  transitions  from  the  rudiments  of  cells  to 
those  fully  formed  could  be  seen.  From  this  we  should  suppose 
that  the  retention  of  these  cells  in  the  amnion  of  Limulus  is  due 
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to  the  singular  function  this  skin  is  destined  to  perform,},  e.,  to  act 
as  a  vicarious  chorion,  the  chorion  itself  splitting  apart  and  falling 
off  in  consequence  of  the  increase  in  size  of  the  embrj'o.  In  in- 
sects these  cells  disappear,  and  after  the  skin  is  moulted  it  appears 
structureless. 

From  studies  afterwards  carried  on  in  the  laboratory  of  the 
Anderson  School  of  Natural  History,  on  the  anatomy  of  the  adult 
Limulus,  I  have  been  able  fully  to  confirm  the  important  discovery 
of  Prof.  Owen  (Lectures),  1852,  and  more  recently  confirmed  and 
greatly  extended  by  M.  Alphonse  Milne-Edwards,^  relative  to  the 
sheathing  of  the  nervous  cord  audits  branches  by  a  system  of 
arteries,  and  I  would  here  bear  testimony  to  the  accuracy  of 
Edwards'  drawings  and  descriptions.  Moreover  I  have  been  able 
by  a  study  of  living  Limuli,  beautifully  injected  by  Mr.  Bicknell 
by  the  kind  permission  of  Prof.  Agassiz,  the  director  of  the  Ander- 
son School,  to  extend  still  farther  the  anatomical  researches  of 
Milne-Edwards.  With  Mr.  BicknelPs  aid  I  have  ascertained  the 
existence  of  still  smaller  arterial  twigs,  on  the  peripheral  sub- 
cutaneous portion  of  the  body,  than  indicated  by  Milne-Edwards, 
and  have  made  out  the  existence  of  an  extensive  series  of  vessels 
in  the  respiratory  abdominal  feet.  For  this  I  was  prepared  by  a 
study  of  the  respiratory  lamellae,  which,  in  the  arrangement  of 
their  chitinous  septa,  may  be  closely  homologized  with  the  gills 
of  Amphipod  Crustacea,  as  observed  in  living  specimens  without 
injection. 

With  the  new  information  afforded  us  by  A.  Milne-Edwards  re- 
garding the  relations  of  the  nervous  cord  with  the  ventral  system 
of  arteries,  and  the  remarkably  perfect  circulatory  system,  so  much 
more  highly  developed  than  that  of  any  other  Arthropod,  I  should 
no  longer  feel  warranted  in  associating  Limulus  and  the  Merosto- 
mata  generally  with  the  Branchiopoda,  but  regard  them,  with  the 
Trilobites,  as  forming  perhaps  a  distinct  subclass  of  Crustacea. 
Certainly  if  we  consider  the  relations  of  the  anatomical  sj'stems 
to  the  walls  of  the  body,  the  disposition  of  the  segments  forming 
those  body  walls,  and  the  nature  of  the  appendages,  Limulus 
is  built  on  the  crustacean  type.  Because  its  nervous  cord  resem- 
bles that  of  the  scorpion,  and  its  circulatory  system  is  moie 
perfect  than  that  of  any  Arthropod  we  know,  this  is  no  reason  for 
assuming  that  it  is  not  a  Crustacean.     On  the  same  ground  Cera- 

1  Reoherches  ear  PAnatomie  des  Limules  i  Amiales  des  Sc.  Nat.,  1873. 
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todus  is  not  a  fis^  beca'.ise  it  lias  the  lungs  of  a  reptile,  nor  is 
Ornilhorhynchiis  a  Saiirian  because  it  has  the  shoulder  girdle  of  a 
Saurian .5  I  have,  moreover,  shown  tliat  some  important  features 
in  the  eml:ryolo;?y  of  Limuhis  are  like  those  of  the  scorpion  and 
the  hexapodous  insects,  Ihe  "  amnion "  of  Limulus  apparently 
being  homologous  with  that  of  the  insects. 

In  fact  Limulus  seems  to  me  to  be  a  synthetic  or  comprehensive 
type,  bearing  the  same  relations  to  the  Crustacea  that  Ceratodus 
does  among  the  fishes,  or  Archiieopteryx  among  the  birds ;  and  be- 
cause Limulus  has  strong  analogies  to  the  Arachnida,  we  should 
not  overlook  its  true  affinities  with  the  Branchiopodous  Crustacea. 

Limulus  may,  then,  be  regarded  as  a  Crustacean  with  the  cara- 
pace of  Apus,  bearing  simple  and  compound  eyes  as  in  that  Phyl- 
lopod,  with  the  antennae  foot-like  as  in  many  Entomostraca,  and 
the  abdominal  appendages  truly  crust aceous  in  their  structure, 
while  the  circulator}'  system  is  not  fundamentally  unlike  that  of 
other  Crustacea,  but  onl}'  more  perfect,  and  the  digestive  system  is 
throughout  comparable  with  that  of  tiie  normal  Crustacea ;  finally 
its  nervous  system  closely  resembles  that  of  certain  Arachnida. 


On  a  Rkmarkable  Wasp's  Nest  Found  in  a  Stump,  in  Mary- 
land.    By  P.  R.  Uhlkk,  of  Baltimore,  Md. 

Tub  insects  of  the  genus  Polistes  have  not  hitherto  been  reported 
to  make  nests  of  clay.  All  the  North  American  species  have 
been  considered  paper-nest-builders.  Many  species  are  known 
from  the  United  States,  Canada  and  the  West  Indies,  and  these 
are  generally  of  a  brown  or  yellow  color,  having  spots  or  bands 
either  lighter  or  darker. 

In  the  present  instance  we  have  a  dark  brown  species  with  nar- 
row yellow  bands  across  the  abdomen,  and  with  yellow  feet,  which 
builds  a  nest  of  clay  in  the  form  of  a  cylinder.  In  the  stump  of 
a  decayed  Liriodendron,  found  by  O.  N.  Br^^an,  Esq.,  in  Charles 
county,  Maiyland,  a  number  of  these  insects  had  aggregated  their 
cylinders.     The  stump  was  about  two  feet  in  diameter  and  the 

«  I  have  been  reminded  by  Profeaaor  Wyman  of  this  peculiarity  in  Ornithorhynchua 
as  BtHtcil  by  Meckel. 
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central  cavity  (which  had  been  formed  by  the  borings  of  large 
beetles)  was  five  inches  wide.  In  this,  attached  to  the  sides,  some- 
times lying  flat  in  the  grooves  left  by  the  beetles,  or  standing  off 
at  a  considerable  angle,  and  attached  by  their  bases,  were  thirty* 
three  of  these  peculiar  structures.  They  were  of  a  yellow  clay, 
generally  about  half  an  inch  in  diameter,  and  varying  in  length 
from  two  to  five  inches.  Sixteen  of  these  were  attached  in  one 
group  projecting  from  the  side  of  the  cavity,  and  toward  their 
outer  ends  were  bent  into  a  blunt  curve,  resembling  a  colony  of 
the  tubes  of  Serpula. 

The  nest,  or,  more  properly,  receptacle  for  the  egg  and  young, 
is  constructed  in  this  manner.  The  adult  Polistes  flies  to  au  adja- 
cent place  where  there  is  suitable  wet  cla}',  works  this  substance 
into  an  oval  pellet  and  flies  to  the  place  where  the  building  is  to 
be  made.  The  pellet  is  then  laid  obliquel}'  and  pressed  down  by 
the  fore  feet  and  head  of  the  insect  so  as  to  cause  it  to  adhere 
firmly  to  the  surface  on  which  it  is  building.  This  operation  is 
repeated  until  it  has  formed  a  cylinder  about  one  inch  in  length. 

As  it  proceeds,  it  smooths  the  inside  of  the  cylinder  by  working 
with  its  jaws  and  pushing  the  front  of  its  flat  head  against  the 
plastic  clay.  The  first  section  being  thus  finished  to  its  satisfac- 
tion it  flies  off  to  secure  small  spiders.  It  seizes  a  spider  with  its 
fore  feet,  stings  it  in  just  such  a  way  as  to  paralyze,  without  de- 
stroying its  life,  and  then  deposits  it  in  the  bottom  of  the  cylinder. 

An  egg  is  then  laid  beside  the  spider,  and  the  wasp  flies  off  to 
secure  other  spiders.  This  is  continued  until  the  cavity,  which 
generally  holds  from  twelve  to  fifteen  of  the  smaller  kinds,  is  full. 

The  wasp  then  proceeds  to  cover  the  open  end  with  a  cap  of  the 
same  material  as  before,  after  which  it  adds  other  sections  to  the 
number  of  three  or  four,  filling  each  with  spiders,  and  depositing 
one  egg  in  each.  The  young  larva  feeds  on  these  paralyzed  spi- 
ders, and,  as  it  seems,  requires  from  twelve  to  fifteen  of  them  to 
nourish  it  until  it  is  ready  to  become  a  pupa. 

Unlike  the  species  of  Pelopseus,  which  also  make  clay  nests,  it 
does  not  nurse  its  young,  but  they  are  securely  sealed  up  in  the 
sections  to  feed  themselves.  When  ready  to  come  forth,  the  wasp 
gnaws  a  round  hole  in  the  wall  of  its  cell,  and  files  forth  as  a  per- 
fect insect. 

A  similar,  if  not  identical,  species  was  very  troublesome  in  Bal- 
timore during  the  early  part  of  last  summer. 

A.  A.   A.   S.   VOL,   XXII.     B.  (3) 
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On  the  iVont  walls  of  the  Peabody  Institute  these  wasps  as- 
sembled in  considerable  numbers ;  and  constructed  their  cells  in 
the  grooves  of  the  joints  of  the  marble.  Their  clay  cylinders 
were  so  numerous  as  greatly  to  disGgure  the  marble  and  render  it 
necessary  to  have  the  front  of  the  Institute  cleaned. 


On  Rkcent  Additions  to  the  Fish  Fauna   of  Massachusetts. 

By  Theodore  Gill,  of  Washington,  D.  C. 

In  the  first  trustworthy  enumeration  of  the  fishes  of  Massacha- 
setts,  the  report  of  Dr.  D.  H.  Storer,  published  in  1839,  only  one 
hundred  and  seven  nominal  species  were  specified,  ninety-one  of 
which  were  salt  or  brackish  water,  and  this  number  included  sev- 
eral doubtful  or  "bad"  species.  Subsequently  Dr.  Storer,  from 
time  to  time,  made  known  additional  forms,  and  in  his  "History 
of  the  fishes  of  Massachusetts,"  completed  in  1867,  one  hundred 
and  thirty-four  species  were  described  and  illustrated ;  of  these, 
one  hundred  and  sixteen  are  salt  or  brackish  water  forms,  and 
eighteen  fresh  water.  In  an  appendix  to  this  work,  however, 
twenty-one  additional  species  were  catalogued  by  Mr.  Frederick 
W.  Putnam^  among  which  are  included  seven  species  made  known 
from  collections  in  the  Smithsonian  Institution,  due  chiefly  to  Prof. 
Baird.  Since  that  time  Prof.  Baird,  as  United  States  Commis- 
sioner of  Fish  and  Fisheries,  while  stationed  at  Wood's  Holl,  has 
been  instrumental  in  bringing  together  twenty-three  additional 
species,  all  of  which  are  represented  now  in  the  collections  of  the 
Smithsonian  Institution.  These  species  belong  to  the  following 
groups : 

DiODONTOiDS,  or  porcupine  fishes ;  one  species,  viz. :  Ckilo- 
mycterus  geometricus, 

EcHENEiDOiDS,  or  "suckci's ;"  two  species,  viz. :  (I)  Lepteche^ 
nets  naucrates^  and  (2)  Mhombochirua  osteochir, 

CoTTOiDS,  or  sculpins ;  one  species,  viz. :  Coitus  MitchUlL 

LoBOTOiDS  ;  one  species,  viz. :  Lobotea  Surinamensis, 

Elacatoids  ;  one  species,  viz. :  Elacate  Canadua^  said  some- 
times to  be  called  crab-eater. 
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XiPHioiDS,  or  sword-fishes ;  two  species,  viz. :  (1)  Tetrapturus 
aJbidus  and  (2)  Histiophorus  gladius.  These  are  of  peculiar  in- 
terest, as  neither  had  been  previously  signalized  as  inhabitants  of 
our  waters,  but  both,  if  we  may  rely  on  the  fishermen,  are  regular 
denizens  along  the  coast,  at  least  in  summer,  and  have  received 
the  name  of  bill-fish.  The  former  is  readily  distinguished  from 
the  common  sword-fish  by  the  long  dorsal  fin  and  ventrals,  and  the 
latter  by  the  very  high  dorsal  fin,  as  well  as  by  the  ventrals.  Three 
specimens  of  the  Tetraptuj'us  have  been  obtained  for  the  Smith- 
sonian Institution,  and  several  others  have  been  procured  bj'  other 
persons.  Only  one  of  the  Histiophorus  has  been  obtained,  the 
animal  being  caught  with  difficulty  ;  but  it  is  distinguished  by  the 
fishermen  on  account  of  its  elevated  dorsal. 

Scombroids;  two  species,  viz. :  (1)  Cybium  regale^  and  (2)  Or- 
ciptus  alliteratus.  The  first  is  known  as  the  cero  or  kingfish,  and  is 
closely  related  to  the  famed  Spanish  mackerel,  but  attains  a  larger 
size  and  is  spotted  with  black  instead  of  yellowish  ;  it  is  inferior 
as  food  to  the  Spanish  mackerel.  The  second  is  a  small  tunny,  and 
was  never  before  known  to  visit  any  portion  of  our  coast ;  but 
in  1871  large  numbers  came  in,  making  their  appearance  about 
the  middle  of  August,  when  they  were  first  caught  in  small  num- 
bers, but  afterwards  by  hundreds  ;  they  were  quite  uniform  in  size, 
averaging  about  fourteen  pounds;  their  flesh  is  dark  and  very 
poor. 

Caranqoids  ;  with  five  species,  viz. :  (1)  Decapterus  punctatus, 
(2)  Z>.  mdcarellus,  (3)  Trachurops  crumenopktJialmus^  (4)  Caran- 
gus  hippos  and  (5)  Blepharichthys  crinitus.  These  are  all  small 
fishes,  and  interesting  chiefiy  to  the  ichthyologist  on  account  of 
their  northern  range.  The  latter,  however,  is  remarkable  for  the 
greatly  prolonged  and  ficxible  rays  of  the  dorsal  and  anal  fins,  and 
six  or  seven  sent  to  the  Smithsonian  Institution  were  so  inextric- 
ably intertangled  by  their  rays  that  an  assistant  was  obliged  to 
spend  two  hours  in  disentangling  them.  The  pampano  {Trachy- 
notus  Carolinus)^  although  previously  found  by  Prof.  Baird  in  its 
young  stage,  was  for  the  first  time  obtained  so  far  north  in  its 
adult  condition. 

ExoccETOiDS,  or  fiying  fishes ;  one  species,  viz. :  Exocoetus  me- 
lanurus. 

CoNORHTNCHOiDs ;  ouc  species,  viz. :  Conorhynchus  macroceph" 
alus,  the  lady  fish. 
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Elopoids  ;  one  8|)ecie8,  viz. :  Elopa  aaurua, 

AciPENS£ROiDS ;  One  species,  viz. :  Acipenser  hrevirostHsy  the 
blunt-nosed  sturgeon. 

Myliobatoids  ;  one  species,  viz. :  Rhinoptera  quadj'iloba,  the 
cow-nosed  ray. 

Tryqomoids  ;  one  species,  viz. :  Pteroplatea  maduraj  the  butter- 
fly ray. 

Galeorhinoids  ;  two  species,  viz. :  (1)  Eulamia  MUberti,  the 
common  shark  of  the  New  York  waters ;  and  (2)  Galeacerdo  tigri^ 
nt/8,  the  tiger  shark.  The  latter,  although  previously  known  as  an 
inhabitant  of  the  southern  coast,  had  not  been  known  to  occur  as 
far  northward. 

It  is  only  necessary  to  add  that  all  these  species  are  inhabitants 
of  tropical  or  warm  waters,  and  the  presence  of  a  number  of  them 
so  far  northward  was  entirely  unexpected ;  indeed,  only  a  few  can 
be  regarded  as  regular  summer  inhabitants  of  the  Massachusetts 
seas,  and  perhaps  the  majority  of  them  must  be  looked  upon  as 
accidental  or  occasional  visitors.  The  number  of  species  found  at 
Wood's  Holl  alone  was  one  hundred  and  twenty,  and  the  number 
of  Massachusetts  fishes,  including  fresh-water  forms,  is  now  in- 
creased to  one  hundred  and  seventy-nine.  A  striking  contrast  as 
to  the  extent  of  the  fish  fauna  is  exhibited  between  Wood's  Holl 
and  the  present  locality  of  the  Fish  Commission  (Portland),  at  the 
latter  only  sixty-two  species  having  yet  been  obtained,  and  among 
them  there  is  not  a  single  warm-water  non-pelagic  form.  I  am 
happy,  however,  to  be  able  to  announce  the  discovery  of  a  number 
of  specimens  of  the  Platessa  glabra  of  Storer,  hitherto  known  (so 
far  as  can  be  ascertained)  from  a  single  specimen ;  that  species 
proves  to  be  a  true  PleuronecteSj  the  description  and  figure  of  Storer 
being  erroneous. 
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Suggestion  for  Facilitation  of  Museum  Administration.    By 
Theodore  Gill,  of  Washington,  D.  C. 

[AB8rHACT.] 

This  paper  detailed  a  system  introduced  into  the  Smithsonian 
Institution,  in  concert  with  Prof.  Baird,  for  facilitating  the  arrange- 
ment of  the  collections.  Catalogues  of  the  families  and  subfamilies 
of  the  different  classes,  with  numbers  attached  to  the  former  and 
letters  to  the  latter,  were  in  the  iSrst  place  prepared,  and  these 
numbers  and  letters  (for  example  87  B, — 87  indicating  the  number 
of  the  family  and  B  the  subfamily  of  that  family)  were  attached 
to  the  bottles  or  specimens  ;  these  numbers  and  letters  being  fixed, 
and  indicating  exactly  the  groups,  the  most  ignorant  subordinates 
can  be  made  use  of  for  finding  any  specimens  by  simply  giving 
the  number  and  letter  of  those  desired.  The  collection  can  also 
be  revised  by  a  subordinate  unacquainted  with  science,  and  who 
is  only  required  to  see  that  all  numbered  and  lettered  alike  ai*e  to- 
gether. Other  advantages  were  claimed.  Catalogues  witli  this 
object  in  view  had  already  been  published  by  the  Smithsonian  In- 
stitution for  the  classes  of  Mammals  and  Fishes,  and  those  of 
Mollnsks  and  others  were  being  prepared. 


The  Quartzite  of  Williamstown  and  Vicinity,  and  the 
Structure  of  the  Graylock  Range.  By  Sanborn  Tenney, 
of  Williamstown,  Mass. 

The  quartzite  of  Western  Massachusetts,  and  the  geological 
structure  generally  of  the  Graylock  range  and  of  the  adjacent 
ranges  of  mountains,  have  long  engaged  the  attention  of  some  of 
the  best  geologists  of  the  country.  But  I  believe  there  is  not  3'et 
a  universal  agreement  as  to  the  nature  of  the  geological  facts  ex- 
hibited in  this  region,  nor  a  universal  agreement  as  to  the  signifi- 
cance of  the  facts  observed.  Therefore  I  feel  that  every  new  fact, 
that  can  be  brought  forward  in  regard  to  the  geology  of  the  region 
under  consideration,  is  of  interest  and  importance. 

Living  near  the  Graylock  range  and  numerous  outcrops  of  the 
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well-known  quartzite  of  the  vicinity,  I  determined  some  time  ago 
to  examine  carefully  all  this  part  of  Massachusetts,  and  to  make 
myself  acquainted  with  all  accessible  geological  facts  revealed  in 
this  interesting  region. 

I  have  alrcad}'  carefully  examined  a  considerable  part  of  the  most 
important  portion  of  the  ground,  and  some  of  the  points  of  especial 
interest  and  importance  I  have  examined  several  times.  My  ex- 
aminations, however,  are  far  from  being  completed,  and  therefore 
what  I  have  to  present  now  is  merely  a  brief  report  of  progress. 
But  I  beg  to  be  permitted  to  say  that  my  examinations  have  already 
been  carried  far  enough  to  convince  me  that  the  quartzite  of  this 
part  of  the  state  of  Massachusetts,  and  the  structure  of  the  Gray- 
lock  range  and  of  the  adjacent  mountains,  ai*e  worthy  of  still 
Airther  attention  from  our  ablest  geologists. 

It  has  long  been  well  known  that  the  Taconic  range  is  composed 
mainly  of  a  finely  laminated  mica  slate  resembling  a  talcose  slate ; 
that  Stone  Hill,  between  the  Taconic  range  and  the  Graylock 
range,  is  quartzite  and  black  slates  ;  and  that  between  the  Taconic 
range  and  Stone  Hill  there  is  a  belt  of  limestone.  It  has  also  been 
long  known  that  the  Graylock  range  is  composed  of  mica  slate  and 
limestone,  the  former  making  up  the  principal  part  of  the  entire 
range ;  and  that  between  Stone  Hill  and  the  Graylock  range,  or 
rather  on  the  eastern  flank  of  Stone  Hill,  there  is  also  a  belt  of 
limestone. 

All  of  these  rocks,  as  they  occur  in  the  region  under  considera- 
tion, have  a  northeasterly  strike,  and  a  steep  easterly  dip,  the 
strike  being  north  10°  -  20''  or  more  east  and  the  dip  20°-  60°  east- 
erly. 

It  may  also  be  stated  here,  as  a  fact  which  I  am  not  aware  has 
been  stated  before,  that  somewhat  north  of  the  latitude  of  Stone 
Hill,  there  is  an  additional  outcrop  of  limestone  halfway  up  the 
slope  of  the  Taconic  range. 

In  the  relations  of  the  slates  of  the  Taconic  range  to  the  great 
limestone  belt  at  its  eastern  base  I  find  that  there  is  no  reasonable 
doubt  that  the  slates  dip  under  the  limestone,  although  the  ab- 
solute contact  of  the  two  kinds  of  rocks  has  not  yet  been  found, 
owing  to  the  loose  materials  which  overlie  them  along  their  whole 
line  of  junction,  as  far  as  I  have  yet  observed. 

In  examining  the  relations  of  the  last  named  limestone  belt  to  the 
quartzite  of  Stone  Hill,  I  find  evidence,  which  is  almost  conclusive 
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that  the  limestone  dips  under  the  quartzite^  instead  of  there  being 
a  fault  between  the  limestone  and  the  quartzite,  as  was  held  by 
the  lamented  Emmons,  and  as  has  been  accepted  by  others.  The 
evidence  that  the  limestone  on  the  west  of  Stone  Hill  dips  under 
the  quartzite  of  Stone  Hill,  is  found  mainly  in  the  very  close 
proximity  of  the  two  belts,  and  in  the  identity  of  their  strike  and 
dip.  At  the  western  base  of  Stone  Hill,  near  a  place  well  known 
as  "Cold  Spring,"  there  is  a  large  outcrop  of  the  limestone  which 
is  distant  from  the  quartzite  but  little  more  than  the  width  of  the 
public  road  and  the  stream  that  runs  beside  it ;  at  one  point  about 
forty  rods,  more  or  less,  northerly  from  Cold  Spring  the  limestone 
appears  nearer  the  quartzite  by  the  whole  width  of  the  road  and 
the  stream,  so  that,  although  the  line  of  junction  cannot  be  seen, 
there  is  scarcely  room  for  doubt  that  the  limestone  dips  under  the 
quartzite.  Now  going  less  than  a  quarter  of  a  mile  farther  south, 
and  ascending  Stone  Hill  from  the  public  highway  on  which  Cold 
Spring  is  situated,  we  pass  over  a  belt  of  limestone,  the  eastern 
portion  of  the  belt  just  mentioned,  and  as  we  approach  the  crest  of 
the  hill  we  find  the  limestone  and  the  quartzite  in  such  relations 
that  here  again  there  can  be  no  reasonable  doubt  that  the  former 
rock  dips  under  the  latter.  It  is  true  I  have  not  found  the  line  of 
junction  of  the  two  rocks,  for  no  such  line  appears  at  the  surface 
here.  But  the  limestone  outcrop  and  the  heavy  bedded  quartzite 
have  both  the  same  strike  and  dip,  and  the  strata  in  the  two  cases 
are  scarcely  a  rod  apart.  I  may  add  here,  that  at  an  early  day  I 
intend  to  cross-cut^he  rocks  at  this  place,  so  that  afterwards  there 
never  can  be  any  quISstiipn  as  to  the  relations  which  these  two 
kinds  of  rock  sustain  to  ^ach  other  at  this  locality. 

Passing  eastward  from  the  outcrop  of  limestone  just  mentioned 
I  find  in  the  first  place  quartzite,  then  black  slates,  then  quartzite 
again,  these  two  kinds  of  rocks  making  up  the  main  bulk  of  Stone 
Hill,  as  long  ago  pointed  out  by  £mmons  and  others. 

On  the  eastern  slope  of  Stone  Hill  we  find  limestone  again, 
and  this  we  follow  down  nearly  to  Green  River,  a  small  stream 
which  occupies  the  bottom  of  the  valley  between  Stone  Hill  and 
the  Graylock  range.  From  this  stream  eastward  to  what  would  be 
popularly  considered  the  eastern  base  of  Graylock,  that  is,  the  im- 
mediate eastern  base  of  the  main  portion  of  the  mountain,  though 
not  the  real  base,  all  the  rocks  have  a  steep  easterly  dip^  and  the}'  are 
all  mica  slate  excepting  a  belt  of  limestone  on  the  western  slope 
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of  Prospect,  which,  as  may  be  inferred  from  the  statement  just 
made,  dips  under  that  mountain.  But  passing  eastward  from  the 
immediate  eastern  base  of  Graylock,  that  is  from  the  base  imme- 
diately adjacent  the  main  mass  of  the  mountain,  we  soon  find, 
after  crossing  a  narrow  belt  covered  with  soil,  grass  and  bushes, 
the  mica  slate  dipping  westward,  that  is  towards  or  under  the 
Graylock  range ;  and  passing  eastward  still,  we  soon  find  a  broad 
belt  of  limestone  also  dipping  westerly ;  and  following  this  lime- 
stone still  easterly  we  soon  find  it  dipping  easterly,  and  following 
it  still  farther  toward  the  cast,  we  find,  before  reaching  the  Pitts- 
field  and  North  Adams  railroad,  that  it  dips  westerly  again.  These 
facts  point  to  the  conclusion,  long  ago  reached  by  Emmons,  that 
the  Graylock  range  is  a  synclinal,  but  not  just  such  a  synclinal  as 
he  has  figured,  since  the  main  bulk  of  the  whole  range  in  the  lati- 
tude of  which  I  am  speaking  exhibits  only  steep  easterly  dips : 
so  that  the  whole  range  has  the  appearance  of  a  vast  monoclinal. 
I  may  add  here  that  I  hope  at  an  early  day  to  publish  a  diagram 
showing  the  position  of  all  tiiese  roclcs  as  well  as  the  position  of 
the  rocks  from  the  Taconic  range  to  the  Hoosac  range  inclusive. 

But  one  of  the  things  which  has  specially  attracted  my  attention 
in  the  study  of  the  geology  of  this  region  is  the  relation  of  the 
quartzite  to  the  limestone,  when  followed  along  the  line  of  their 
strike.  In  studying  the  strata  on  the  southerly  slope  of  Stone 
Hill,  within  a  hundred  rods  of  the  road  leading  from  Williams- 
town  to  South  Williamstown,  I  find  the  quartzite  and  limestone 
so  closely  associated  with  each  other,  as  to  indicate  that  the 
quartzite  of  Stone  Hill  gradually  merges  into  limestone,  and  that 
therefore  there  is  here  really  no  distinct  formation  of  quartzite, 
but  a  series  of  beds  which  are  quartzite  at  Stone  Hill  and  lime- 
stone to  the  southward,  and  probably  to  the  northward  also.  And 
I  am  the  more  inclined  to  take  this  view  from  other  similar  facts 
which  I  will  now  present  as  I  found  them  on  the  east  side  of  the 
Graylock  range,  and  which,  so  far  as  I  am  aware,  are  here  brought 
forward  for  the  first  time.  On  the  east  side  of  the  Graylock 
range,  and  near  the  '*Notch"  road,  or  *' Bellows-pipe"  road 
leading  from  the  "Notch"  to  South  Adams,  and  near  the  quarry 
where  the  limestone  blocks  were  obtained  for  building  bridges  on 
the  Troy  and  Boston  Railroad,  I  find  the  limestone  on  the  west 
side  of  the  road  with  a  strike  of  north  20°-25°  east,  by  the 
needle,  and  with  a  dip  of  40°  westerly.     On  the  opposite  or  east 
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side  of  the  road  the  same  kind  of  limestone  has  a  very  steep  east- 
erly dip.  Now  following  southward  on  the  belt  of  limestone  dip- 
ping easterly,  I  find  the  limestone  suddenly  replaced  by  quartzite 
as  well  defined  as  that  at  Stone  Hill  on  the  west  of  the  Gray  lock 
range ;  and  going  still  farther  south  a  short  distance,  I  find  the 
quartzite  and  limestone  very  closely  associated  with  each  other, 
interstratified  and  passing  into  each  other  in  many  cases  by  easy 
gradations ;  but  also  in  some  cases  the  change  occurs  abruptly ; 
in  all  cases,  however,  the  two  kinds  of  rocks  maintain  their  con- 
formability.  The  evidence  here  seems  to  be  conclusive  that  the 
same  series  of  beds  are  limestone  at  one  place  and  quartzite  at  an- 
other, and  this  is  perhaps  the  case  with  all  the  quartzite  beds  in 
this  part  of  Massachusetts. 

As  regards  the  conclusion  respecting  the  relation  of  the  quartz- 
ite and  limestone,  so  far  as  the  passage  of  the  one  into  the  other 
along  the  line  of  their  strike  is  concerned,  I  believe  I  am  antici- 
pated by  Dana,  in  observations  made  in  other  places ;  but  my  con- 
clusions are  drawn  from  the  data  which  I  have  now  presented. 

If  the  observations  enumerated  above  are  to  be  relied  upon,  they 
show  that  the  limestone  and  quartzite  are  conformable  at  Stone 
Hill,  and  that  the  former  dips  under  the  latter ;  that  the  quartzite 
and  limestone  at  Stone  Hill,  and  at  a  locality  near  the  eastern 
base  of  the  Graylock  range,  pass  into  each  other  along  the  line  of 
their  strike ;  and  that  the  Graylock  range  is  a  synclinal,  as  long 
f^o  shown  by  Emmons,  but  not  exactly  such  a  synclinal,  as  he  has 
figured,  no  westerly  dips  presenting  themselves  in  the  main  mass 
of  the  mountain  range,  the  synclinal  being  indicated  only  by  west- 
erly dips  of  the  mica  slate  and  limestone  as  exhibited  between  the 
main  mass  of  the  range  and  the  Pittsfield  and  North  Adams  rail- 
road. I  repeat,  the  main  mass  of  the  whole  range  appears  like  one 
vast  monoclinaL 

I  hope  to  present  additional  facts  in  regard  to  this  range  of 
mountains,  and  in  regard  to  the  Hoosac  Mountain  at  an  early  day. 
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On  the  Cause  of  the  Transient  Fluctuations  of  Level  in 
Lake  Superior.     By  Cuas.  Whittlesey,  of  Cleveland,  Ohio. 

In  this  paper  I  shall  confine  myself  to  that  class  of  fluctui^tioDS 
which  are  not  only  transient^  but  where  there  is  a  wave-like  regu- 
larity of  occurrence,  and  the  height  of  the  undulation  is  small. 
The  secular  fluctuations^  extending  through  a  series  of  years,  no 
longer  need  discussion,  as  to  their  origin.  It  may  be  considered 
as  settled  that  i\\ty  are  due  to  meteorological  causes,  extending 
through  many  years,  giving  rise  to  differences  in  the  rainfall,  and 
evaporation. 

The  annual  fluctuation  is  subordinate  to  the  secular,  having  the 
same  origin,  but  the  period  is  less,  covering  only  the  term  of  the 
seasons  within  each  year.  Neither  do  I  mean  to  treat  of  those 
striking  irregular  oscillations^  swashes  or  seiches,  consisting  of  a 
bold  crest  moving  rapidly  along,  often  in  quiet  seas,  which  have 
been  observed,  from  the  time  the  Jesuit  fathers  made  their  first 
journeys  along  the  shores  of  the  Upper  Lakes ;  nor  to  discuss  the 
minute  lunar  tides,  recently  discovered  through  the  observations 
of  the  United  States  Lake  Survey ;  nor  the  long  swells  produced 
by  distant  storms.  They  are  common  to  all  lakes  and  seas,  and 
the  cause  is  shown,  by  the  reports  of  the  Lake  Survey,  to  be  vari- 
ation of  atmospheric  pressure,  and  it  is  also  universal.  A  fitful 
agitation  of  the  waters,  which  I  purpose  noticing,  will  be  found  in 
all  latitudes  and  climates,  but  it  is  more  marked  in  the  temperate 
and  the  frigid  zones,  because  there,  atmospheric  changes  are  more 
frequent  and  more  extreme. 

The  cause  of  the  low  pendulum-like  pulsations^  which  Professor 
Mather  observed  at  Copper  Harbor,  in  July,  1847,  and  on  which 
I  made  observations  at  Eagle  River,  in  1854  and  1856,  reported  in 
the  Smithsonian  Contributions  for  1859,  has  not,  so  far  as  I  know, 
been  demonstrated. 

These  are  no  doubt  common  to  all  waters,  but  they  are  so  slight 
that  they  are  not  generally  noticed,  and  are  more  prominent  on 
Lake  Superior  than  on  the  Lower  Lakes,  for  reasons  that  will 
appear  to  be  good,  provided  my  conclusions  in  regard  to  their 
origin  are  sound.  My  endeavor  will  be  to  bring  them  into  the 
same  category  as  the  other  fluctuations,  although  barometrical 
readings,  as  far  as  we  have  them,  do  not  tally  with  such  a  conclu- 
sion.    The  period  of  the  oscillation  is  too  short,  to  produce  an 
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appreciable  change  in  the  mercurial  column.  It  requires  some  deli- 
cate mechanical  contrivance  to  magnify  the  effect  of  slight  baromet- 
ric movements,  before  the  question  can  be  settled  by  observation. 

The  readings  of  Professor  Mather  extended  only  through  a  part 
of  a  day,  during  which  there  was  a  storm  in  the  vicinity.  While 
the  flux  and  reflux  of  the  water  was  incessant,  the  movement  of 
the  mercury  was  regular,  and  such  as  was  due  to  the  storm.  It 
indicated  no  atmospheric  oscillations. 

At  Eagle  River,  twenty  miles  west  of  Copper  Harbor,  on  the 
same  coast,  from  the  25th  to  the  29th  of  June,  1854,  the  oscilla- 
tions were  continuous.  Of  six  readings  of  my  water  gauge  on  the 
29th,  the  average  time  between  one  rise  and  the  next  was  (11) 
eleven  minutes^  the  average  height  of  the  wave  (3)  three  inches  and 
(7-10)  aeven-tentha.  No  storm  occurred  in  that  vicinity  during 
these  days. 

The  readings  which  were  made  were  intended  to  represent  the 
average  of  the  oscillations,  which  extended  through  a  fortnight,  not 
continuously,  but  without  long  interruptions. 

On  the  11th  of  October,  my  attention  was  arrested  by  the  occur- 
rence of  a  very  regular  series  of  oscillations,  in  calm  water,  with 
a  stiff  breeze  off  shore,  that  is,  from  the  southeast. 

The  average  of  (8)  eight  readings,  extended  from  7.43  to  8.58 
A.  M.,  made  at  a  dock  in  the  open  lake,  in  three  feet  of  water, 
was  for  time  from  flood  to  flood  (9)  nine  minutes  and  (4-10)  four* 
tenths;  for  vertical  range  of  flood  (10)  ten  inches  and  (1-10)  one- 
tenth.  The  undulations  came  in  parallel  with  the  shore  and  broke 
with  a  regular,  but  low  ripple  on  the  beach.  They  continued  during 
the  day,  which  was  cloudy  and  rainy,  without  wind.  In  1855 
these  movmeuts  were  not  noticed  until  the  20th  of  June,  with 
calm  and  clear  weather.  They  recurred  on  the  26th  of  June  and 
on  the  13th  of  July,  coutinuing  with  a  little  interruption  for  a  week ; 
weather  cloudy,  rainy  and  frequent  thunder  storms. 

From  the  24th  to  the  31st  of  July  they  occurred  every  day, 
the  weather  being  quite  the  reverse  of  that  in  the  middle  of  the 
month — warm,  foggy  and  calm.  In  the  month  of  August  the 
oscillations  were  frequent,  but  with  interruptions.  On  the  morning 
of  the  2d  of  August  the  average  period  was  (12)  twelve  minutes^ 
and  in  the  evening  of  the  3d,  it  was  (9)  7iine  and  (1-2)  one-half  min- 
uUes.  During  the  2d,  the  weather  was  calm,  cloudy  and  sultry. 
On  the  3d  a  thunder  storm  with  wind. 
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In  October,  1856, 1  was  for  the  first  time  enabled  to  read  the 
barometer  and  the  pulsations  at  the  same  time.  During  one  hour 
on  the  afternoon  of  the  21st  they  were  very  rapid,  the  mean  of 
elapsed  time  being  (3)  three  minutes  and  (1-10)  one-tenth^  with  a 
northeasterly  wind,  a  swell  on  tiie  lake,  and  a  driving  rain.  The 
barometer  rose  steadily  from  29*440  to  29-520.  During  the  suc- 
ceeding four  hours,  or  until  9  p.  m.,  there  was  no  cessation  of  the 
waves,  and  the  barometer  reached  29'603. 

From  6.45  a.  h.  of  tlie  next  day,  until  9  p.  h.,  there  was  only 
an  occasional  intermission,  with  very  variable  weather ;  barometer 
ranging  from  29-485  to  29600.  On  the  third  day,  Oct.  23d,  the 
movements  were  slight  and  irregular,  barometer  rising  all  day 
from  29-640  to  29-860,  and  light  northerly  winds.  Average  period 
of  pulsations  for  one  hour  (7)  seven  and  (4-10)  four-tentJis  minutes. 

The  mean  elevation  of  Lake  Superior,  above  tide,  is  about  six 
hundred  and  five  feet.  From  the  few  barometrical  readings  hitherto 
made  in  reference  to  this  class  of  movements,  little  can  be  inferred 
beyond  the  fact  that  the  oscillations  are  more  marked  when  the 
pressure  is  large. 

Any  agitation  having  its  origin  far  out  in  the  lake  would  ap- 
proach the  shore  in  waves  nearly  or  quite  parallel  to  it. 

I  have  never  seen  an  instance  of  perfect  quiescence,  on  the 
waters  of  the  North  American  lakes.  On  a  shelving  sandy  beach 
there  is  always  a  slight  wave-like  ripple,  even  when  the  atmosphere 
appears  to  be  perfectly  tranquil,  but  there  can  never  be  a  thor- 
oughly quiet  atmosphere,  over  a  large  area  of  water. 

Until  a  better  theory  is  found,  I  adopt  that  of  atmospheric 
movement,  as  the  cause  of  the  undulations  under  consideration. 
There  is  a  source  of  perpetual  motion  in  the  atmosphere,  in  the 
perpetual  presence  of  unequally  heated  areas,  to  which  I  will  soon 
make  reference.  Water  is  so  sensitive  to  aerial  currents  that 
they  cannot  take  place  without  producing  an  eflfect  upon  the 
equilibrium  of  its  surface.  I  shall  first  show  that  all  movements 
of  flowing  water  are  in  a  wave-lake  or  undulatory  form,  and  en- 
deavor to  deduce  by  analogy,  that  movements  of  the  atmosphere 
take  the  same  form,  producing  pulsations  in  the  waters  over  which 
they  move. 

Pulsations  in  the  Flow  of  Liquids, —  Where  a  sheet  of  water 
flows  over  a  dam,  or  a  natural  fall  with  a  regular  edge,  it  is  inces- 
santly changing.     Its  vibrations  are  suflScient  to  produce  a  mo- 
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notonons  sonnd,  that  has  in  it  something  of  musical  harmc^y. 
Beneath  the  falling  sheet,  there  is  a  constant  flux  and  reflux  of 
air,  which,  in  large  waterfalls  like  Niagara,  gives  rise  to  powerful 
gusts  of  wind.  This  is  due  to  a  constant  variation  of  pressure 
within  and  without  the  sheet  of  falling  water. 

Jets  and  fountains,  sustained  by  distant  and  quiet  reservoirs, 
present  a  continual  change  in  the  height  of  the  discharge.  The 
intervals  between  the  lengthening  and  shortening  of  the  columns 
vary  with  the  size  and  form  of  the  discharge  pipe,  and  the  head 
of  the  fountain. 

One  of  the  series  of  jets  at  Cleveland  is  a  mile  from  the  reser* 
voir.  lu  the  centre  is  an  upright  pipe,  throwinga  jet  about  fif- 
teen feet  in  height ;  with  an  orifice  of  about  half  an  inch.  It  is 
surrounded  by  fifteen  shorter  ones,  not  quite  half  as  long,  which 
are  curved  outward.  The  orifice  about  one-fourth  of  an  inch.  In 
perfectly  calm  weather,  all  these  discharges  pulsate  in  perfect 
unison  as  to  time ;  but  not  in  the  amount  of  rise  and  fall  of  the 
jets.     Their  period  is  from  thirty-seven  to  forty  in  a  minute. 

When  water  is  allowed  to  flow  through  a  flexible  tube,  like  a  fire- 
man's hose,  or  the  ordinary  rubber  pipe,  it  is  discharged,  not  with 
a  steady  stream,  but  in  spirts  that  have  regular  intervals. 

The  molten  material,  coming  from  stack  furnaces  and  cupolas, 
has  the  same  undulatory  or  wave-like  throw. 

There  is  something  analogous  in  the  discharge  of  volcanoes  and 
ge3'sers.  In  flumes  and  in  the  narrow  channels  of  rivers,  as  soon 
as  the  running  water  acquires  velocity,  the  surface  takes  on  the 
form  of  undulations  lying  across  the  current. 

In  the  atmosphere,  the  eflect  of  concussion  is  to  produce  con- 
secutive waves,  which  spread  from  the  point  of  agitation  in  a 
circular  figure,  and,  by  reaching  the  ear,  produce  sounds. 

The  size,  form  and  extent  of  the  undulatory  wave,  depend  upon 
the  character  of  the  agitation,  or  concussion.  Those  arising  from 
lightning,  or  the  discharge  of  fire-arms  and  artillery,  have  their 
pulsations  sharp  and  violent.  Musical  instruments,  such  as  trum- 
pets, are  made  to  produce  an  infinite  variety  of  notes,  by  a  slight 
variation  of  form  in  the  instrument,  which  changes  the  form  of  the 
atmospheric  wave,  on  its  way  to  the  drum  of  the  ear.  The  human 
throat  which  is  a  flexible  trumpet,  closed  at  the  orifice,  is  capable 
or  more  and  flner  modulations,  than  artificial  ones,  because  it  can 
produce  undulations  of  infinitesimal  dimensions.    Stringed  instru- 
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ments  produce  their  yarlons  notes  in  the  same  way;  and  tliese 
waves  of  concussion  liave  such  relations  to  each  other,  that  tlie 
tones  they  produce  are  musical  harmonies.  Light  and  heat  are 
transmitted  in  the  form  of  undulations.  It  is  therefore  reasonable 
to  infer  that  movements  of  the  atmosphere  in  general  fall  into  the 
same  category ;  and  that  this  is  a  law  in  the  motion  of  gases  as 
well  as  fluids. 

In  the  case  of  the  atmosphere  there  is  always  present  a  cause  or 
power  which  is  too  mucli  overlooked,  but  which  is  perpetual 
and  produces  prodigious  results,  in  the  natural  world.  It  is  so 
simple  and  so  quiet  that  it  passes  unnoticed.  Wherever  there 
are  bodies  irregularly  heated  in  different  parts,  if  they  are  fluid, 
there  must  be  motion.  In  the  waters  of  tlie  ocean  it  gives  rise  to 
wide-spread  currents,  whose  size,  velocity  and  distance,  are  deter- 
mined by  the  unequal  distribution  of  heat  over  the  earth.  Aerial 
currents,  both  local  and  general,  from  the  gentlest  zepiiyr,  througii 
all  grades  of  breezes,  winds  and  storms,  until  a  tornado  is  formed, 
are  due  to  an  unequall}'  heated  atmosphere. 

Electrical  action,  and  with  it  chemical  action  and  magnetism, 
is  brought  into  play  in  the  same  waj'.  Germination  and  the 
growth  of  plants,  the  changes  of  the  seasons  and  the  annual 
progress  of  the  storms,  are  in  the  control  of  the  same  agent. 

It  is  the  foundation  of  the  general  circulation,  which  character- 
izes all  departments  of  nature,  and  allows  stagnation  nowhere. 
The  sun,  in  its  daily  action  upon  the  earth,  heats  the  soil,  the 
waters  and  the  air  irregularly.  In  its  annual  movement  of  dec- 
lination, there  is  a  change  every  day,  in  the  efliect  of  its  rays  upon 
the  earth  in  every  parallel  of  latitude. 

On  all  shores  there  is  a  dally  land  and  water  breeze,  arising 
from  the  unequal  effect  of  solar  heat  for  that  day,  upon  the  land 
and  the  water.  As  these  movements  are  almost  incessant,  and  the 
cause  is  ever  present,  if  it  is  granted  that  they  follow  the  general 
law  of  undulations,  1  think  we  have  in  them  an  explanation  of 
those  low  but  regular  pulsations,  which  take  place  in  the  waters 
of  all  seas  and  lakes. 
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DSSOEMT   OF   RiVRRS   IN  THE  MISSISSIPPI  VaLLKT,  ArBA,  OF  DrAIN- 

AGB  1,000,000  Square  Miles.  By  Cuas.  Whittlksby,  of 
Cleveland,  Ohio. 

Of  that  part  of  North  America  east  of  the  Rocky  Mountains 
four-fifths  lie  below  an  elevation  of  1,000  feet.  Humboldt  calcu- 
lated the  mean  height  of  North  America  to  be  748  feet,  by  which 
he  meant,  if  a  plane,  or  rather  a  spheroidal  surface  parallel  with 
the  earth's  surface,  should  be  passed  at  that  height  above  the  ocean, 
the  parts  above  it  would  fill  up  the  spaces  below. 

Probably  he  would  modify  his  estimateif  he  were  now  living  and 
had  access  to  the  inter-oceanic  railway  sections,  and  would  fix  the 
plane  of  equalization  somewhat  higher.  This  would  come,  not  so 
much  by  increasing  the  mass  of  the  Rocky  Mountains,  as  of  the 
large  elevated  plateaus  along  their  bases. 

The  proper  establishment  of  such  planes  is  a  work  beyond  the 
resources  of  individuals.  It  requires  the  finances  of  governments, 
and  the  prolonged  labor  of  their  agents. 

Profiles  of  surveys  for  railways  present  the  same  discrepancies 
as  barometrical  profiles,  only  in  a  less  degree.  The  Coast  Survey,  or 
the  United  States  engineers,  are  the  parties  to  establish  such  planes, 
in  a  manner  to  give  confidence  in  the  results. 

Those  which  are  here  given  provisionally  are  intended  to  illus- 
trate some  of  the  most  striking  topographical  features  of  the  United 
States.  One  of  these  is  the  large  areas  of  low  country.  A  plane  at 
the  elevation  of  2,000  feet  would  liave  above  it  the  mere  caps  of 
the  Alleghanies,  including  the  mountains  of  New  York  and  New 
England.  It  would  scarcely  touch  the  Laurentian  hills  north  of  the 
St.  Lawrence  towards  Hudson's  bay,  and  would  pass  over  that  im- 
mense tract  east  of  the  Rocky  Mountains,  northward  to  the  Arctic 
Ocean.  This  desolate  region  of  rocks,  scoured  by  the  ancient  con- 
tinental glaciers,  of  drift  gravel  and  bowlders  and  of  countless 
lakes,  filling  cavities  excavated  during  the  ice  era,  is  nearly  equal 
to  the  United  States  in  extent.  Lake  Winnipeg  in  Manitoba,  which 
is  as  large  as  Lake  Erie,  lies  only  820  feet  above  the  ocean.  Lake 
of  the  Woods  987  and  Rainy  Lake  1035.  The  low  water-shed  be- 
tween the  waters  of  Hudson's  Bay,  and  those  of  the  Atlantic  where 
so  many  great  rivers  have  their  sources,  will  be  noticed  below. 

For  only  a  few  of  the  streams  in  this  valley,  has  the  elevation 
of  the  channel  or  low  water  been  taken.     Such  observations  are 
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higbly  important  for  topographical  purposes,  because  where  there 
are  no  falls,  chutes,  or  important  rapids,  the  descent  of  the  channel 
is  approximate!}'  uniform.  Between  points  only  one  or  two  hundred 
miles  apart,  it  is  nearly  proportional  to  the  distance,  and  the  ele- 
vation of  the  adjacent  country  may  be  obtained  with  a  barometer 
or  by  means  of  short  side  levels ;  using  low  water  as  a  base.  For 
instance,  the  Mississippi,  at  the  mouth  of  the  Ohio,  is  824  feet 
above  the  Gulf.  Midway  it  cannot  be  far  from  half  that  eleva- 
tion, or  162  feet. 


Mississippi  Kiver. 

Feet. 
Moath  of  the  Ohio,  (Low  water  above  gulf)  824 

a    a    a  Fcvre  Klvcr,  Galena,  111.  >  "        "         «♦        "      g^g 

**     "    «*  Des  Moines,  rapids  2811.  >  **        •*         '*        " 

u    u    a  Wisconsin,  PraiiiedesChlens, 618 

"    **     **  Black  River, 694 

Lake  Pepin G30 

Mouth  of  the  St.  Croix  River, 645 

"      "    "  St.  Peter's    **    Mendota, 692 

Head  of  Falls  of  St.  Anthony, 777 

Mouth  of  the  Crow  Wing  River  (chutes  and  falls  below  at  St  Cloud),  1130 

**      "     **  Sandy  Lake  Outlet, 1253 

Pokegema  Falh$,  at  base,  fall  lOi  ft., 1340 

Cass  or  Red  Cedar  Lake, 1400 

Itasca  Lake  (Schoolcraft's  source), 1532 

Turtle  Lake  (Beltiamrs  **    ), 1413 

Leech  Lake  (greatest  flow  of  water;, 1380 


Missouri  River. 

The  elevations  along  this  river  are  not  always  distinguishable  from 
those  of  the  towns  on  the  bluffs : — 

Fort  Leavenworth  (adjacent  hills  912)  river, 760 

Omaha  (river  bluffs) 1217 

Fort  Pierce, 1609 

Red  Cedar  Islands,  latitude  4S<^  N.  (bluffs) 2033 

Fort  Clarke, 1827 

"    Berthold, 1878 

"    Union,  mouth  of  Yellowstone  River, 1879 

Mouth  of  Milk  River  (water  level),  .         .        .        ,    *  .        .        .  2010 

Fort  Benton, 2668 
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Ohio  Rivbr. 

Feet. 
Mouth  at  Cairo  (low  water), 824 

Cinrlonati  (falls  at  Louisville,  27  ft.)} 429 

Portsmouth,  Ohio, 469 

Marietta  (three  feet  below  Lake  Erie), 662 

Pittsburgh,  Pa., 704 

Mouth  of  French  Creek,  Franklin,  Pa.,             908 

Glean,  N.  Y., 1280 

Chautauqua  Lake,  N.  Y., 1291 

Watbrs  of  tiir  Texnksskk  Rivkr. 

Tuscumbia,  Ala., •   .        .        .        .  GOO 

Chattanooga,  Tenn., 675 

London,  Tenn., 737 

Knoxville,     '*     (railroad  depot  898)  river  level,       ....  816 

Sources  near  Bristol,  state  line  of  Virginia,            ....  1678 
Little   Tennessee,  state  line,  at  a  gap  in  the  Unlkoi  Mountains, 

high  water,          .                 1114 

Telllco  River  at  old  furnace,             1149 

Planr  op  One  THousANDtFEET  Elevation. 
The  intersecting  line  of  a  plane,  one  tliousand  feet  above  tide, 
commences  at  the  southwest  on  the  Rio  Grande  near  Ceralvo(  1066), 
proceeds  in  a  curve  along  the  base  of  the  rolling  or  hill  country, 
turning  np  the  Colorado,  thence  to  the  neiglil)orhood  of  Fort  Worth 
on  the  Trinity  (1100)  and  by  another  curvature  to  the  south  and 
east  around  into  the  valley  of  the  Red  River.  It  extends  up  this 
stream,  into  the  Indian  country  a  distance  not  yet  determined ; 
doubling  back  on  the  north  side,  over  the  high  land,  to  the  valley 
of  the  Arkansas.  This  river  comes  out  of  tlie  country  of  hill  and 
mountain,  in  the  neighborhood  of  Little  Rock,  whence  the  plane 
of  one  thousand  feet  cuts  the  surface  along  the  foot  of  the  Ozarks, 
in  a  northeasterly  direction  to  the  heads  of  the  St.  Francis.  Bend- 
ing abruptly  to  the  west,  across  southwestern  Missouri,  the  line 
is  quite  irregular  and  impossible  of  determination  in  the  present 
state  of  information,  but  strikes  the  Kansas  River  near  the  mouth 
of  tlie  Kaw.  From  thence  it  will  cross  the  Missouri  River,  not 
far  below  Omaha,  turning  back  into  northwestern  Missouri  and 
leaving  most  of  Iowa  beneath  it,  and  will  take  a  course  nearly 
north  to  Lac  qui  Parle,  and  Big  Stone  Lake  in  Minnesota.  HeroKit 
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sweeps  away  tx>  tlie  northwest,  down  the  west  side  of  Red  River 
to  the  waters  of  Mouse  River,  and  the  Saskatchewan  in  Canada. 

On  the  eastern  side  of  tiie  Mississippi  it  can  be  better  delined. 
Beginning  in  the  hill  country  at  the  terminus  of  the  Blue  Ridge, 
in  Georgia,  and  of  the  Cumberland  in  Alabama,  the  plane  leaves 
below  it  nearly  all  of  the  valley  of  the  Chattahoochee  and  its  ' 
branches,  sometimes  passing  up  these  valleys  beyond  the  Chatta- 
nooga and  Atlanta  railway.  Coming  around  the  buttresses  of  the 
Cumberlands  near  Tuscumbia,  a  narrow  tongue  is  thrust  up  the 
Tennessee  valley,  beyond  Knoxville  and  also  up  the  Sequatchie 
valley.  Passing  thence  westward  around  the  most  westerly  flank 
of  the  Cumberlands,  between  Bridgeport  and  Iluntsville,  it  turns 
sharp  to  the  north  in  the  valley  of  Elk  Creek,  following  the  base 
of  the  mountains  northeasterly  to  the  Cumberland  River,  above 
Monticello  in  Kentucky.  It  cuts  near  the  tops  of  the  hills  around 
Lexington,  Frankfort,  Covington  and  the  Highlands  in  Ohio.  In 
Indiana  and  Illinois,  probably,  there  is  no  point  rising  to  an  ele- 
vation cf  one  thousand  feet. 

In  West  Virginia,  there  are  many  knolls,  which*  are  below  the 
base  of  the  mountains,  but  rise  above  the  level  of  one  thousand 
feet.  It  passes  about  three ^lundrcd  feet  up  the  side  of  Cotton 
mountain  at  the  Falls  of  Kanawha,  and  the  same  on  the  hills  around 
Pittsburgh. 

Up  the  Alleghany,  it  intersects  the  river  hills  at  the  mouth  of 
French  Creek  one  hundred  feet  above  low  water.  The  passes  or 
lowest  water  crests  in  Ohio  lie  nearly  in  it,  all  of  them  showing 
the'  abrasion  of  the  ice  period.  There  are  very  few  summits  in 
this  state  that  rise  two  hundred  feet  above  and  very  few  that  lie 
below  it.  As  already  stated,  the  water  gap  between  the  St.  Mary's 
and  the  Great  Miami  is  nine  hundred  and  forty-two ;  Tymochtee 
summit  level  eight  hundred  and  ninety-eight ;  Black  River,  Medina 
Co.,  nine  hundred  and  one ;  Portage  summit,  nine  hundred  and 
fifty-eight ;  Mahoning  and  Grand  Rivers,  Trumbull  Co.,  nine  hun- 
dred and  eight,  above  sea  level. 

It  passes  four  hundred  and  thirty-five  feet  above  the  surface  of 
Lake  Erie,  intersecting  the  slopes  of  its  south  shore,  near  their 
tops,  leaving  below  it  a  large  space  in  New  York  and  on  the  north 
of  the  lakes  in  Canada. 

The  lowest  water  gaps  between  the  interior  lakes  of  New  York 
and  the  waters  of  the  Susquehanna  are  close  under  this  plane. 
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In  the  lower  peninsala  of  Michigan  there  are  very  few  points 
that  reach  up  to  it,  the  highest  pinnacle  of  Mackinaw  Island  being 
two  hundred  feet  below.  In  the  upper  peninsula  a  large  part  of 
the  country  lies  above  the  line  of  one  thousand  feet,  though  it 
seldom  rises  to  that  of  two  thousand. 

The  sand  dunes  east  of  Grand  Island  and  the  surface  of  the 
country  east  of  the  Chocolate  River  lie  in  this  imaginary  plane, 
which  crosses  the  Menominee  River,  near  the  Twin  Falls  into  Wis* 
consin,  and  thence  westerly  across  the  Wolf  River,  near  Lake 
Poteau  and  the  Wisconsin  near  Stevens  Point,  to  the  Bluffs  of  the 
Mississippi  at  Lake  Pepin.  Here  it  deflects  north  up  the  valley  of 
the  St.  Croix,  to  the  heads  of  its  northern  branches  and  those  of 
the  Brule.  From  the  Brule  portage  the  line  passes  west  through 
Fortuna  to  St.  Cloud,  and  to  the  portage  of  Lac  qui  Parle,  where 
it  comes  in  contact  with  the  one  already  described,  coming  up  on 
the  west  side  of  the  Mississippi  valley. 

North  of  this  it  separates,  bending  northeasterly  down  Red 
River  valley  and  across  to  a  point  on  Rainy  Lake  River,  between 
Lake  of  the  Woods  and  Rain}'  Lake.  From  here  its  course  around 
the  Basin  of  Hudson's  Bay,  through  that  rough  but  low  region  of 
bare  rocks  and  pure  water,  cannot  as  yet  be  defined. 


On  the  Origin  of  Mountain  Chains.  By  Chas.  Whittleset,  of 
Cleveland,  Ohio. 

The  first  result  of  the  act  of  creation,  as  applicable  to  matter, 
must  have  been  the  production  of  simple  substaiicesj  such  as  met- 
als, the  non-metallic  solids  like  carbon,  phosphorus  and  sulphur; 
and  of  gases,  such  as  oxygen,  chlorine,  hydrogen  and  nitrogen. 

To  them  should  be  added  the  imponderables :  light,  heat,  elec- 
tricity and  magnetism. 

As  the  imponderables  produce  chemical  action  in  material  sub- 
stances, and  motion,  which  produces  momentum,  they  must  be  re- 
garded as  material.  We  are  unable  to  conceive  of  a  thing  which  is 
neither  matter  nor  spirit.  It  is  too  much  for  the  human  mind  to 
decide,  certainly  in  the  present  state  of  knowledge,  the  order  in 
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which  the  creation  of  material  substances  took  place ;  bnt  there 
must  have  been  a  succession,  and  there  must  have  been  in  some 
cases,  long  intervals  between  the  acts  of  creation.  Until  ox3gen 
was  present  there  could  be  no  oxides,  or  water.  Sulphides  and 
chlorides  are  not  possible,  until  there  are  sulphur  and  chlorine. 

According  to  the  theorj'  of  La  Place,  wliich  has  received  the 
general  assent  of  philosophers,  tlie  solar  system  roust  have  been 
at  some  period  of  its  existence  in  a  nebulous  condition,  analo- 
gous to  vapor ;  occupying  a  spherical  space  whose  radius  was  equal 
to  that  of  the  orbit  of  the  farthest  planet,  and  having  a  motion  of 
revolution. 

Such  a  condition  is  incompatible  with  the  existence  of  binary 
compounds,  such  as  oxides,  earths,  alkalies,  water,  the  atmosphei'e 
and  acids.  It  might  occur  with  pure  metals,  or  with  metals  and 
hydrogen,  or  such  gases  as  have  no  chemical  affinity  for  metals. 

Tiie  consequences  that  follow  from  this  affinity  are  no  part  of 
creation,  but  the  results  of  qualities  impressed  upon  matter  ;  which 
go  by  the  name  of  "secondary  causes,"  or  natural  laws.  They 
had  much  to  do,  however,  with  the  structure  of  our  globe ;  but 
must  not  be  confounded  with  the  creative  acts. 

Hydrogen  and  nitrogen  might  be  introduced  into  this  mass  of 
metals  in  a  state  of  vapor,  with  comparatively  small  results,  but 
those  which  must  follow  the  appearance  of  oxygen  were  prodig- 
ious. 

Between  30  and  40  per  cent,  of  the  crust  of  the  earth,  including  -^ 
water,  is  oxygen   in   a   state   of  chemical   union.     The   igneous 
rocks  arc  molten  oxides.     The  sedimentary  strata  are  oxides  that 
have  been  in  suspension,  or  salts  that  have  been  in  solution,  in 
which  oxygen  is  the  leading  component. 

Imagine  all  the  metals  in  a  state  of  vapor,  which  requires  a  high 
degree  of  heat,  the  whole  in  a  shape  of  a  rolling  sphere,  sur- 
rounded by  an  atmosphere  of  oxygen.  Potassium  and  sodium, 
iron  and  calcium,  would  combine  with  it  so  rapidly  that  most  in- 
tense heat  would  result;  and  there  would  be  a  general  combustion. 
Other  metals  combine  less  rapidly,  but  in  time  a  large  part  of 
the  free  oxygen  present  must  assume  a  solid  state. 

Chemical  action,  which  includes  combustion,  is  probably  due  to 
electrical  action,  which  is  always  excited  in  bodies  that  are  une- 
qually heated.  The  process  of  general  oxidation  might  produce 
the  requisite.electrical  conditions  to  form  water,  which  must  have 
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preceded  the  deposition  of  the  sedimeatary  rocks,  and  the  pres- 
ence of  vegetable  or  animal  life. 

A  world  of  inanimate  matter  might  fill  its  place  in  the  solar 
system,  but  could  fill  no  place  in  a  moral  or  intellectual  system, 
of  which  personal  sentience  and  happiness  form  a  leading  part. 

The  presence  of  oxygen  brought  into  play  the  acid  forming 
affinities,  giving  rise  to  the  ubiquitous  carbonic,  sulphuric  hydro- 
chloric and  nitric  acids ;  which  in  turn  seized  upon  the  oxides,  al- 
kalies and  earth,  forming  a  multitude  of  qtuiternary  compounds. 

As  nitrogen  is  lacking  in  affinity  for  metals,  most  of  it  remained 
free  aud  mingled  with  the  surplus  oxygen,  constituting  the  atmos- 
phere. All  these  processes  are  secondary,  and  the  result  of 
causes  that  are  natural  and  not  beyond  our  comprehension  ;  but 
all  of  them  must  have  occurred  before  there  were  rocky  strata  or 
mountains. 

Mountain  chains  could  not  be  elevated  until  the  solid  crust  of 
the  earth  was  formed. 

Nearly  all  great  mountain  ranges  are  composed  of  sedimentary 
strata  carrying  marine  fossils,  whicli  proves  that  they  were  once 
beneath  the  ocean.  These  rocks  are  quite  different  from  the  molt- 
en material,  of  which  the  interior  of  the  earth  is  composed. 

This  fluid  mass,  arranging  itself  around  the  centre  of  gravity  in 
a  spheroidal  form,  should  be  in  a  quiescent,  and  not  an  aggressive 
state.  There  is  nothing  in  a  liquid  body  of  this  character  calcu- 
lated to  produce  a  rupture  of  the  solid  crust  which  rests  upon  it. 

How  then  are  mountains  chains  raised  many  thousand  feet  above 
the  mean  surface  of  the  earth,  on  long  lines  of  fracture?  Volca- 
noes, or  the  forces  that  produce  volcanoes,  and  earthquakes,  are 
not  adequate  to  such  results.  These  have  been  observed  during 
the  historical  period,  and  are  not  known  to  have  acted  along  fis- 
sures to  elevate  chains  of  mountains,  but  only  at  points,  to  build  up 
cones  with  mud,  scoria,  and  lava,  thrown  out  of  a  circular  vent. 

These  self-constituted  escape  pipes  have  been  well  compared  to 
safety  valves.  Volcanic  discharges  are  local,  and  are  due  to  the 
pressures  of  confined  gases,  and  of  steam,  acting  on  the  fluid  mass 
beneath.  There  are  about  three  hundred  of  them,  active  and  latent, 
most  of  which  are  located  in  the  sea,  producing  islands  of  various 
sizes.  Earthquakes  are  connected  with  these  eruptions,  and  with 
the  local  rise  and  sinking  of  the  land,  but  not  with  long  fissures 
and  uplifts. 
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The  rise  of  moantain  ranges  was  generally  gradual,  and  not 
spasmodic ;  and  must  be  due  to  some  cause  that  has  pervaded  this 
planet,  operating  more  energetically, however,  while  the  sediment 
tary  rocks  were  being  deposited.  Very  few  were  uplifted  prior  to 
the  era  of  the  lower  Silurian  formations. 

Those  of  the  laurentian  age,  like  the  Adirondacks  of  New  York, 
are  not  numerous  nor  prominent.  The  Cumberlands  and  most  of 
the  Alleghany  range  rose  since  the  deposit  of  the  coal.  A  large 
part  of  the  Rocky  Mountains,  and  the  other  Pacific  ranges,  are 
cretaceous  and  tertiary. 

The  most  satisfactory  theory  of  elevation  is  that  of  lateral  com- 
pression, due  to  the  contraclion  of  the  solid  surface  of  the  globe, 
by  radiation  of  its  heat.  Such  a  contraction  would  produce  wrin- 
kles and  corrugations  along  long  lines,  nearly  straight,  which  could 
not  be  done  by  an  explosive  force. 

Mountain  knots,  like  the  Adirondacks,  which  are  as  a  group 
nearly  circular,  might  be  produced  bj'  such  forces  acting  in  succes- 
sion ;  consequently,  the  pre-silurian  mountains  partake  more  of  this 
character,  than  those  of  subsequent  date. 

The  brothers  Rodgers  while  engaged  upon  the  surveys  of  Penn- 
sylvania and  Virginia,  and  Prof.  Leslie,  since  their  day,  have  given 
special  attention  to  strata  folded  on  each  other  throughout  the 
Appalachians.  In  places  they  are  tilted  over  so  as  to  be  reversed 
in  their  geological  order.  The  tops  of  the  ridges  are  nearly  straight, 
overlooking  narrow  valleys,  also  straight,  like  Laurel  Hill  in 
Pennsylvania  and  Waldroun's  ridge  in  Tennessee,  the  folds  being 
numerous,  and  of  nearly  equal  height.  By  pushing  any  flexible 
plane  together  from  the  edges,  under  a  weight,  precisely  such 
parallel  wrinkles  will  be  produced.  To  treat  of  the  condition  of  the 
earth  during  the  sedimentary  era,  which  gave  rise  to  such  a  com- 
pressing force,  is  not  a  part  of  my  present  programme,  which  is 
simply  to  call  attention  to  the  inadequacy'  of  earthquake  action  to 
form  mountain  ranges. 
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On  the  Species  of  the  Genus  Micropterus  (Lac.)  or  Grystes 
(AucT.).     By  Theodore  Gill,  of  Washington,  D.  C. 

The  best  excuse  for  the  presentation  of  so  technical  an  article 
to  the  Association  will  be  fonnd  in  the  popular  interest  in  the 
species  of  this  genus,  celebrated  in  diflferent  parts  of  the  United 
States  under  the  name  of  black  bass,  but  also  called,  in  the  south- 
ern states,  trout,  salmon,  chub,  etc.  Tiie  nomenclature  of  the 
species  has  become  involved  in  much  doubt,  and,  if  we  may  judge 
from  the  literature  and  the  distinctions  insisted  on  by  Professor 
Agassiz  and  others,*  at  least  four  or  Ave  species  are  supposed  to 
exist  in  our  waters;  but  it  is  evident  from  a  perusal  of  the  de- 
scriptions that  the  distinctions  hitherto  made  are  of  a  very  doubt- 
ful value. 

Having  been  requested  by  the  United  States  Commissioner  of 
Fish  and  Fisheries  (Prof.  S.  F.  Baird)  to  determine  the  number  of 
species  represented  in  the  fresh  waters  of  the  United  States,  and 
the  earliest  names  respectively  assigned  to  them,  all  the  specimens 

>In  the  nominal  (1)  "  Ori/ttet  fasciatus  Aj^Afls.,"  it  is  said,  *' the  «ca/eaar«  a  little 
mnaUert  bnt  of  the  same  form  as  in  (2)  O.  salmoidei;  the  radiating  strio}  are  perhaps 
less  marked.  They  cover  the  opercular  apparatus  and  the  cheeks,  out  at  this  latter 
place  their  [the  icales^]  smaller  size  is  quite  remarkable;  this  latter  character  is  very 
striking  when  we  compare  both  species/*— Agnss..  Lnke  Superior,  p.  296.— The  italicized 
portion  (not  italicized  In  original)  indicates  that  the  G.  salmoutes  Agass.  was  n  large- 
monthed  form  ($)  '*Huro  nigricans  Cuv.  is  another  species  of  the  lower  Canadian  lakes, 
which  occurs  also  in  Lake  Cliamplain  ....  I  shall  therefore  call  1^  in  future  Orystes 
nigricans  ....  Dr.  DeKay  describes  it  ns  Centrarchus  fasciatus,  although  he  copies 
also  Cuvier*s  description  and  flgure  ot  Huro  nigricans,  but  without  perceiving  titeir 
identity."  Agass.,  Lake  Superior,  p.  297.— fluro  nigricans  Cuv.  and  Val.  and  Centrar- 
chus  fa8ci€Uus  DeKay  are  unquestionably  distinct,  the  former  being  the  large.mouthed 
species,  and  the  latter  the  small-mouthed  one.  It  Is  probable,  however  (thus  giving 
him  the  benefit  of  the  doubt),  that  Professor  Agassiz  based  his  idea  of  the  species  on 
the  large-mouthed  form. 

**The  species  of  this  group  [Grystes  Cuv.]  are  indeed  very  difficult  to  characterize. 
They  differ  chiefly  In  the  relative  size  of  their  scales,  the  presence  or  absence  of  teeth 
on  the  tongiie  ....  etc.  There  are,  besides,  marked  differences  between  the  young 
and  adults.  These  circumstances  render  It  impossible  to  characterize  any  one  species 
without  comparative  descriptions  and  figures.  (4)  The  species  fY'ora  Huntsville  [  Ala.] 
....  differs  equally  from  [G,  fascialus  Agass.  and  G.  **  saimoneus**  Agass. j.  I  call 
this  species  provisionally  Grystes  nobilis  Agass."  Am.  Jour.  Sci.  and  Arts  (2)  xvii,  pp. 
297,  2»H.   1854. 

Professor  Agassiz  thus  recognized  four  species  (besides  indeterminate  ones),  viz.: 

1.  G.  fasciatus  Aga^8.  =  Af.  salmoides. 

2.  O,  salmoides  Agass.  (not  Cuv.  and  Val.  nor  G.  stUmoneus  Agass.,  1854)  =  3f.  ni- 
gricans. 

S.    O.  nigricans  Aga*«s.  =  ^f,  nigricans  ? 

4.    G.  m^lis  Agass.  ==  M".  nigricans. 

Judging  by  the  comparisons.  Professor  Agassiz  had  in  view,  in  1854,  in  the  ^'  G. 
salmoneus,'*  the  true  JIT.  salmoides. 

Baird  and  Girard  added  to  these  species,  also  in  1854  (5),  their  G,nuecensi8  =  (M. 
nigricans). 
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in  the  collections  of  the  Smithsonian  Institution  were  examined, 
as  well  as  a  large  series  from  many  other  localities  kindly  trans- 
mitted for  that  purpose  by  the  Museum  of  Comparative  Zoology 
(Professor  Agassiz,  Director).  Study  and  comparison  of  those 
specimens  clearly  demonstrated  that  two  perfectly  distinct  tj'pes 
of  the  genus  were  represented  in  most  of  the  waters  of  the  cis- 
montane  (east  of  the  Rocky  Mountains)  slope  of  the  United 
States,  except  those  of  the  New  £ngland  states  and  the  Atlantic 
seaboard  of  the  Middle  states.  In  limitation  of  this  general 
statement  it  need  only  at  present  be  remarked  that  but  one  of 
those  types,  the  small-mouthed,  appears  to  have  been  an  original 
inhabitant  of  the  hydrographic  basin  of  the  Ohio  River. 

In  order  to  obtain  as  clear  and  unprejudiced  ideas  as  possible 
respecting  the  species,  the  specimens  from  all  the  localities  were 
in  the  first  place  examined  without  reference  to  their  names  but 
only  with  the  view  to  ascertain  their  relations  to  each  other.  This 
examination  confirmed  the  previous  experience  of  the  author  for  a 
more  limited  range,  and  led  to  the  combination  of  all  into  the  two 
groups  just  referred  to ;  between  these  many  differences  existed, 
but  none  were  discovered  which  permitted  further  definite  subdi- 
vision. The  differences,  thus  ascertained,  may  be  tabulated  as 
follows : 

Contrasted  Differential  Characteristics. 

Small- MOUTHED.  Large -mouthed. 

Scales  of  trunk 
Small  («.  g.y  lat.  line,  72-75;  be-  Moderate  (e.  g.,  1<U.  line,  65-70; 

tween  lateral  Hue  and  back,  11  between  lateral  line  and  back,  7^1  or 
rows).  8  rows). 

Scales  on  nape  and  breast 
Much  smaller  than  those  of  sides.  Scarcely  (on  nape),  or  not  much 

(on  breast)  smaller  than  those  of 
skies. 

Scales  of  cheeks 
^linute  (€.  g.f  between  orbit  and  Moderately  small  («.  g,,  between 

preoperculum,  about  17  rows  in  an  orbit  aud  preopercalum,  about  10 
oblique  line  and  abont  9  in  an  horl-  rows  In  an  oblique  line  and  about 
zontal  one).  5-C  in  an  horizoutal  one). 

Scales  of  interoperctiliim  uniserial 
Covering   only    about   half    the         Covering  the  entire  width  of  the 
widtli  of  the  bone.  bone. 
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Scales  of  preopercular  limb 
None.  Developed  In  an  imperfect  row 

(<?.  g.,  8-6  in  number). 

Scales  on  dorsal 
Developed  as  a  deep  sheath  (In-  Developed  as  a  low  (obsolete) 
vo1vin<c  last  spine)  of  small  scales  shallow  sheath,  and  with  series  as- 
differentiated  from  those  on  the  cending  comparatively  little  on 
back,  and  with  series  advancing  high  membrane  behind  the  rays  (none 
up  the  membrane  behind  each  ray  behind  last  five  or  six). 
(except  last  two  or  three). 

Scales  on  anal 
Ascending  high  behind  each  ray.         None  (or  very  few). 

Mouth 
Moderate.  Large. 

Sitpramaxillarj/ 
Ending  consideral)ly  in  front  of         Extending   considerably   behind 
hinder  margin  of  orbit  (about  un-      the  posterior  margin  of  orbit, 
der  hinder  border  of  pupil). 

Bays 
Dorsal,  articulated,  13.  Dorsal,  articulated,  12  (I,  11),. 

Anal  III,  10-11.  Anal  III,  10. 

Pectoral,  1-16-1  17.  Pectoral,  1*14  (1-13). 

Dorsal  fin  in  front  of  soft  portion 
Little  depressed,  the  ninth  spine  Much  depressed,  the  ninth  spine 

being  only  about  a  half  shorter  being  only  about  a  fourth  as  long 
than  the  longest  (3,  4,  5)  and  a  as  the  longest  and  half  as  long  as 
fourth  shorter  than  the  tenth.  the  tenth. 

Thus  numerous  and  well  marked  are  the  differences  between 
the  two  groups  ;  within  the  limits  of  neither  of  these  groups  were 
found  differences  in  the  slightest  degree  comparable  with  them  or 
that  suggested  the  differentiation  of  the  forms  into  distinctly 
marked  subordinate  types :  in  other  words,  no  differences  were 
found  of  specific  value,  and,  although  a  renewed  examination  may 
possibly  result  in  the  discovery  of  some,  their  value  must  be  very 
slight  in  comparison  with  those  distinguishing  the  two  groups 
indicated :  these  groups  may  therefore  be  considered  as  specitic. 
The  question  now  arises,  What  are  the  names  to  which  they  are 
respectively  entitled  ?  In  order  to  ascertain  this,  it  is  advisable  to 
enter  quite  fully  into  the  very  complicated  history  of  the  genus. 
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Beari'  g  strictly  in  mind  the  differential  features  of  the  two  species, 
we  may  now  proceed  to  an  analysis  of  the  successive  descriptions 
of  forms  of  the  genus  and  endeavor  to  refer  them  to  their  respec- 
tive types. 

The  first  scientific  allusions  to  any  species  of  the  genus  are  found 
in  the  great  work  on  fishes  by  Compte  de  Lacepede.^ 

In  1800,  in  the  third  volume  (pp.  716,  7J7),  Lacepede  intro- 
duced into  his  system,  under  the  name  Labnis  salmoidesy  a  species 
based  on  a  description  and  figure  sent  him  by  Bosc  from  South 
Carolina,  which,  according  to  Cuvier  and  Valenciennes,  relate  to 
the  small- mouthed  type. 

In  1801,  in  the  fourth  volume  (p.  325),  Lace})ede  described,  as  a 
new  generic  type  named  Micropterus  Dolomieu,^  a  fish  concerning 
which  no  particulars  were  given  as  to  habitat  or  station  and  which 
could  not  have  been  positively  identified  from  the  description  :  the 
original  specimen  having  been  preserved,  however,  Cuvier  and  Val- 
enciennes ascertained  that  it  belonged  io  the  genus  Orystes  and 
was  in  fact  identical  with  the  species  described  by  Lacepede  from 
the  notes  and  figures  of  Bosc  as  Ldbrus  salmoides. 

In  1817,  C.  S.  Rafinesque'*  described  a  form  of  the  same 
genus  under  the  name  Bodianus  achigan  which  evidently  belonged 
to  the  small-mouthed  type :  while  most  of  the  characters  noted 
are  common  to  all  the  species  (or  erroneous),  the  number  of 
rays  (I).  IX  I,  \i^\  A.  III^)  and  tlie  absence  of  scales  on  the 
preopcrculum  (gill  covers  *'all  scaly  except  the  second")  indicate 
the  pertinence  of  tlie  species  to  the  group  in  question  ;  the  number 


*Lacep£de  (Bernard  Germain  £ticnne  de  la  Ville  sur-IDon,  Comfee  de).    Histoire 
Katurelle  des  Poiflsons,  .    .    .    .Paris,.    .    .    .  [1798^1  SOS,  4to  &  v]. 
**n"2Ie  genre.  LesMicroptdres. 
*'Un  oil  plusieurs  aigulllonrt,  et  point  de  dentelure  aux  opercules;  nn  bnrbillon,  ou 
point  do  barbillon  mix  milc.hoires ;  deux  iiageoires  dorsnles;  la  aeconde  tr&s-basse, 
trfes>coui't,  et  comprenant  au  plun  cinq  rayons. 

*E!*p6o,c.  Le  Microptfere  Dolomieii. 
^*C(iracteres.    Dix  rayons  aiguilbuiiiiit*  et  sept  rayons  articnl^sk  la  premiere  nageoire 
du  dos;  quatre  rayons  k  la  sccomh*;  deux  rayons  aigiiilloun^sct  onze  rayontt  articul^s 
klanageoire  de  Tanus;  la  caudale  en  rrol^sMiit;  nn  ou  deux  aiguillona  k  la  seconde 
pi^cede  cbaqnc  opercule,"    [Br.6;  p.  1«;  v.i,5;  c.  17]. 

*Rafine8QUeSchmaltz  (Con  f*i  amine  Samuel).  Museum  of  Natural  Sciences.  By 
C.  S.  Raflnesquc,  Esq.  Firnt  Decade  of  New  North  American  Fishes.  <Tlie  American 
Monthly  Magazine  and  Critical  itevietv.    Vol.  ii,  New  York.  .  .  .  1817  (pp.  120, 121). 

•••The  dorsal  depressed  in  the  middle  and  with  twenty-five  rays,  whereof  ten  arcspi- 
Descent."    It  is  assumed  that  the  last  or  double  branched  ray  is  counted  as  two. 

•'•Anal  fin  with  iiftoen  ray8  wlicreoflliree  are  spiuescent  and  short.'*  The  last  ray 
was  also  in  this  case  probably  counted  as  two. 
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of  rays  (15)  attributed  to  the  pectoral  does  not  conflrm  this  iden- 
tification, but  tlie  number  (admitting  even  the  accuracy  —  very 
doubtful  —  in  the  case  of  the  very  careless  observer)  is  within  the 
range  of  variation  of  the  type.  The  exact  locality  from  which 
Rafinesque  derived  his  types  was  not  speciQed,  but  they  were  prob- 
ably observed  by  him  at  Lake  Champlain,  where  he  had  shortly 
before  collected  (See  Am.  Month.  Mag.  and  Crit.  Rev.,  ii,  p.  202, 
Jan.,  1818). 

In  1820,  the  same  naturalist  described,  in  his  way,  various 
specimens  which  appear,  almost  without  doubt,  to  be  referrible  to 
the  same  type.  These  descriptions  appeared  originally  in  the 
"Western  Review  and  Miscellaneous  Magazine,"  published  at 
Lexington,  Kentucky,  and  were  reprinted  (from  the  same  types) 
for  the  *'Ichthyologia  Ohiensis.'^  No  less  than  six  generic  and 
snbgeneric  names  appear  to  have  been  based  primarily  on  a  species 
of  this  type  and  as  many  as  seven  nominal  species,  viz. :  — 

Gknkra  and  Subgemkra. 

1.  Calliarus  (n.  g.)- 

2.  Lepomis  (n  g.) 

Aplites  (n.  s.  g.). 
Nemocampsis  (n.  s.  g.  prov.). 
Dioplites  (n.  s.  g.)* 
8.    [Etheostoma]. 

Aplesion  (a.  s.  g.)- 

Sfbcibs. 

1.  Calliarus  panctulatas. 

2.  Lepomis  pallida  (s.  g.  Aplites). 

3.  Lepomis  trlfasciata  (s.  g.  Aplites). 

4.  lepomis  fiexuolaris  (s.  g.  Aplites,  or  n.  s.  g.  Nemocampis). 

5.  Lepomis  salmonea  (s.  g.  Dloplltes). 

6.  Lepomis  notata  (s.  g.  Dioplites). 

7.  Etheostoma  calliura  (s.  g.  Aplesion). 

Of  these,  it  need  here  only  be  in  general  remarked  that  the  differ- 
ential characters  employed  result  (1)  partly  from  erroneous  observa- 
tion and  (2)  partly  from  erroneous  assumptions  :  —  that  is,  because 
the  author  had  not  signalized  certain  characters  in  specimens  pre- 
viously examined,  but  which  were  noticed   in  others  examined 

^IchthyologiaOhiensis,  or  Natural  History  of  the  Fishes  inhabiting  the  River  Ohio  and 
its  tribatary  stream  B,  .  .  .  Lexington,  Kentucky;  printed  for  the  author  by  W.G.  Hunt. 
(Price  one  dollar.)  1820.  (pp.  Sa—SS).  Reprinted  (with  separate  pagination  and  adjust- 
ment for  form)  from  the  ^yeatern  Review  and  Miscellaneoaa  Magazine,  Lexington,  Ey. 
Tola,  i,  ii,  and  lii  (Dec.  1819  to  Nov.  1820. 
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later,  he  assumed  that  they  did  not  exist  in  the  former  and  there- 
fore the  two  differed.  Inasmuch,  however,  (1)  as  all  the  descrip- 
tions cited,  best  (and  decidedly  so)  agree  with  species  of  the  genus 
MicropteruSy  and  (2)  as,  in  those  respects  in  which  they  differ, 
they  equally  deviate  from  all  known  forms  in  the  waters  from  which 
they  were  obtained,  and  (3)  as  it  is  in  the  highest  degree  im- 
probable that  forms  better  agreeing  with  them  have  been  over- 
looked, the  names  in  question  are  all  relegated  to  the  synonymy 
of  Micropterus.  Within  that  genus  in  almost  every  case  some  speci- 
fication (chiefly  as  to  the  number  of  rays)  indicates  that  the  sev- 
eral descriptions  were  based  on  individuals  of  the  small-mouthed 
type.  This  probability  is  greatly  enhanced  by  the  fact  that  (so  far 
as  known  or  recorded)  the  small-mouthed  species  was  the  only  one 
known  from  the  localities  where  Rafinesque  observed. 

The  description  of  CaUmrus  punctulatus^  however,  it  has  been 
thought  by  Prof.  Agassiz,  was  based  on  a  form  of  the  sunfish  type 
with  large  mouth.  But  such  could  not  have  been  the  case  as  is  quite 
evident  from  the  armature  of  the  operculum  ('*opercule  with  an  acute 
and  membranaceous^appendflge,  before  which  stands  aflat  spine") ^ 
the  contour  of  the  dorsal  (^'depressed  in  the  middle"),  and  above 
all  the  number  of  the  rays  of  that  fin  ("dorsal  fin  yellow  with 
twenty- four  rays,  of  which  ten  are  spiny")  ;  in  all  these  respects 
(as  well  as  others),  the  description  is  inapplicable  to  a  Pomotid 
and  only  applicable  to  a  Micropterus. 

A  couple  of  years  later  (in  1822),  a  much  more  reliable  natural- 
ist® published  description  of  five  supposed  new  species  of  the 
genus  Cichia  of  Bloch  (as  supposed  to  have  been  adopted  by 
Cuvier).  All  except  one  (C  oenea  =  Ambloplites  rupestris)  really 
belong  to  the  genus  Micropterus^  and  all  the  northern  forms  ((7.  fas- 
data,  C.  ohiensiSy  C.  minima)^  as  is  evident  from  the  allnsious  to  the 
number  of  rays,  squamatiou,  or  size  of  mouth,  belong  to  the  small- 
mouthed  type,  while  the  description  of  the  Florid iau  species  ((7. 
floridana)  is  as  applicable  to  the  same  as  to  the  large-mouthed 
type.  The  descriptions  are  not  suflaciently  contrasted  and  are  too 
general  and  therefore  vague  ;  nor,  on  comparison  with  specimens,  are 
the  differences  suggested  by  the  mention  of  characters  in  one  case 
and  their  neglect  in  another  apparent.     As  no  reference  was  made 

^  Le  Sueur  (Chas.  A,  .  .  .  .)•  Descriptions  of  the  [tic]  Are  new  species  of  the  genus 
Cichia  of  Cuvier.  By  C.  A.  I^  Sueur.  Read  June  11, 1822.  <Joarnal  of  the  Academy 
of  Natural  Sciences  of  Philadelphia.  Vol.ii,  Part  i.  PbUadelphia  .  .  .  1831.  [pp.  214— 
2211. 
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to  the  forms  of  the  same  type  previously  described,  although  the 
author  was  doubtless  acquainted  with  Rafinesqne's  memoir,  it  is 
presumable  that  the  neglect  was  intentional  (and  doubtless  pro- 
voked by  the  character  of  that  author's  worlc)  and  not  without 
strong  suspicion  that  the  species  named  had  already,  perhaps, 
received  designations,  but  with  unrecognizable  descriptions. 

In  the  great  ^^  Histoire  Naturelle  des  Poissons,"^  Cuvier  and 
Valenciennes  described  the  two  species  of  the  genus,  but,  deceived 
by  the  state  of  their  specimens — in  one  case  at  least  {ffuro  nigri* 
cans)^  completely  failed  to  recognize  the  relations  of  the  two.  (1) 
In  1828  (tome  second,  pp.  124-126)  they  described  the  large- 
mouthed  species  as  a  new  generic  type  (under  the  name  Huro  nt- 
gricann)^  but,  misled  by  an  injury  to  the  spinous  portion  of  the 
dorsal  fin  (and  apparently  the  loss  of  the  seventh  spine),  they 
ranked  it  in  their  group  of  Percoids  with  two  dorsal  fins,  attrib- 
uting to  it  a  first  dorsal  with  six  spines,  and  a  second  with  two 
spines  in  front  (instead  of  ten  dorsal  spines).  (2)  In  the  fol- 
lowing year  (1829)  and  volume  (tome  troisieme,  pp.  54-58),  they 
described  the  small-mouthed  species,  identifying  it  with  the  Labrus 
salmoides  of  Lacepede,  and  forming  for  it  (and  at  tlie  same  time 
associating  with  it  an  Australian  fish)  the  genus  Grystes :  this 
was  referred  to  the  section  of  Percoids  with  a  single  dorsal  fin 
and  placed  after  Oentropristes  and  before  Rhypticus,  The  de- 
scriptions of  both  species  (after  making  allowance  for  the  error 
induced  by  the  stale  of  the  dorsal  in  Haro)  were  quite  good, 
and,  especially  in  the  case  of  Orystes  salmoides^  much  better  than 
any  subsequently  published,  and  they  can  consequently  be  iden- 
tified without  difficulty. 

Subsequently,  Dr.  DeKay,  in  his  "  Zoology  of  New  York,"  ^^  re- 
produced the  figures  and  (in  a  modified  form)  the  descriptions  of  the 
two  species  from  Cuvier  and  Valenciennes'  work,  but,  failing  to 
identify  them,  redescribed  and  refigured  one  of  them  {Grystes  sal- 
moides) under  two  names  Centrarchus  fasciatus  =  Cichla  fasclata 

•  Cuvier  (Georges  Chi'^tlcn  Leopold  Dagobert  5aron)  and  Achille  Valkscie.vnes. 
Histoire  Natiirelle  des  Poissons, ....  Parlo, .  . .  .18*25—1819.  [t.  it,  1828,  pp.  12(-126; 
t.  ill,  IKtM),  pp.  54— 58]. 

w  DeKat  (James  E...).  Zoology  of  New  Yorlc,  or  the  New  York  Faana;  comprising 
detailed  dedcriptlons  of  all  the  animals  liitherto  observed  within  the  Stale  uf  New 
York,  with  brief  notices  of  those  occasionally  found  near  its  borders,  and  accompanied 
by  appropriate  illustrations.  By  James  E.  DeKay.  Part  IV.  Fishes.— Albany; 
printed  by  W.  A  A.  White  &  J.  Visscher.  181*2.  [ItJ,  xiv  [1,  errat:i],  415  pp.;  atlas,  1  p. 
l,7»p.lj. 
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Les.  and  Centrarckua  obscui^us  DeKay,  n.  sp.).  Of  course  all  were 
adopted  by  Dr.  Storer  in  his  "  Synopsis  of  the  Fishes  of  North 
America."'^  In  tiiosc  works,  therefore,  the  species  stand  under  three 
generic  and  four  specific  names. 

In  1850,  Prof.  Agassiz,  in  his  "  Lake  Superior,"^*  decidedly 
advanced  beyond  his  predecessors,  (I)  recognizing,  for  the  first 
time,  I  he  generic  identity  of  the  forms  described  by  LeSueur,  Cuvier 
and  Valenciennes,  and  DeEay,  (2)  retaining  for  the  genus  thus 
enlarged  the  name  Grystes,  and  (3)  recognizing  two  species  as 
inhabitants  of  the  nortli ;  he  was,  however,  less  fortunate  in  his 
appreciation  of  their  specific  relations,  (1)  his  Grystes  fasciatus 
being  the  small-mouthed  form,  (2)  his  *'  Grystes  salmoneus  "(as  is 
evident  from  the  contrasted  characters  noticed  in  his  comparison 
of  G.  fasciatus  with  it)  being  the  large-mouthed  southern  form, 
and  (8)  his  Grystes  nigricans  being  difierentiated  without  state- 
ment of  reasons  and  the  Centrarchus  fasciatus  of  DeKay  iden- 
tified with  it. 

At  a  later  period  (1854),  Prof.  Agassiz  distinguished  specimens 
of  the  genus  obtained  from  Huntsville,  ^^  Alabama,  as  Gi^ystes  no- 
bilisy  which  evidently  belongs  to  the  large- mouthed  type ;  the  brief 
notice  is  only  comparative,  contrasted  with  the  small-mouthed 
type,  and  contains  no  specific  peculiarities. 

In  the  same  year  and  month  (March,  1854),  Messrs.  Baird  and 
Girard^'^described  specimens  of  the  same  type  from  the  "  Rio  Frio 
and  Rio  Nueces,  Texas,"  under  the  name  Grystes nuecensis.  This 
form  was  subsequently  described  in  greater  detail  and  ilhistrated 
by  Dr.  Charles  Girard,  in  the  Report  on  the  Mexican  Boundary 
Survey. 


»»  Storkr  (David  Humphreys).    A  Synopsis  of  the  Fishes  of  North  America 

<Memoir8  of  tho  Americao  Academy  of  Arts  and  Sciences.  New  Series..  Vol  ii. 
(Cambridge,  181«),  pp.  253—550. 

A  Synopsis  of  the  Fishes  of  North  Ameiica. . . .  Cambridge:  Metcnlf  and  Com. 

pany,  printers  to  the  university.    1846.    [4to.  1  p.  1.  (=  title),  298  pp.] 

"  AGASSIZ  (Louis).  Lake  Superior;  its  Physical  Character,  Vegetation,  and  Animals, 
compared  with  those  of  other  and  similar  regions.  . .   Boston;  .  . .  IS."^©.    (p.  205). 

"  AGA88IZ  (Louis).  Notice  of  a  colIecUon  of  Fishes  from  tho  southern  bend  of  the 
Tennessee  river,  Alabama. . .  .  <The  American  Journal  of  Science  and  Arts,  second 
series.    Vol.  xvii,  1854.    [pp.  297—308;  35:i— 3C.*=Gry6tes,  pp.  297,  298.] 

"Baikd  (Spencer  Fullerton)  and  Charles  Girard.  Descriptions  of  new  species  of 
Fishes  collected  In  Texas,  New  Mexico  and  Sonora,  by  Mr.  John  II.  Clark,  on  the  IT.  S. 
and  Mexican  Boundary  Survey,  and  in  Texa»  by  Capt.  Stewart  Van  Vllet,  U.  S.  A. .  .  • 
<Procecdings  of  the  Academy  of  Natural  Sciences  of  Philadelphia.  Vol.  vii,  1854, 
1855.    [pp.  24—29;  Grystef,  p.  25]. 
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In  1857,  Dr.  Theodatus  Garlick^^  of  Cleveland,  Ohio,  in  a  treatise 
on  tlie  propagation  of  fish,  described  and  published  rough  woodcut 
figures  of  the  two  forms  of  the  genus  :  (1)  the  small-mouthed  spe- 
cies under  the  name  "  Grystes  nigricans;  or  black  bass;"  (2)  the 
other,  as  a  new  species  designated  ^"Grystes  megastoma;  or,  large- 
moutli  black  bass."^^  The  species  are  quite  well  distinguished  by 
ihe  size  of  the  mouth  and  the  comparative  size  of  the  scales :  his 
Grystes  nigricans  is^  however,  not  the  true  Grystes  nigricans  {liuro 
nigrica7is  Cuv.  &  Val.),  as  that  name  really  belongs  to  his  Grystes 
megastoma. 

In  1859,  Dr.  Gunther^^  described  specimens  of  the  small-mouthed 
species  under  the  name  Grystes  scdmoidss^  and  first  restricted  the 
genus  to  that  species  (having  removed  the  Australian  species  as 
the  type  of  a  new  genus — OUgorus).  Having  overlooked  the 
rectifications  by  Professor  Agassiz,  he  continued  the  errors  of  his 
predecessors,  admitting  as  nominal  species  (1)  Huro  nigricans^ 
(2)  Centrarcfius  fasciatuSy  and  (3)  Centrarchus  obscuruSy  and  also 
the  same  species  as  doubtful  forms  (in  foot-notes)  of  Grystes^  i.e., 
6r.  nuecensis  and  G.  fasciatus,^'^ 

For  the  present,  the  notices  and  descriptions  of  the  several 
forms  of  the  genus  by  other  authors  may  be  passed  over  in  silence, 
as  they  do  not  involve  any  questions  of  nomenclature.  It  may  be 
added,  however,  (I)  that^the  author  had  long  recognized  the  exist- 
ence and  differences  of  the  two  species  of  the  genus,  one  under 
the  name  Micropterus  achigan ;  the  other  as  Micropteras  nigricans, 
and  (2)  that  Professor  Cope,  under  the  names  Micropterus  fa sci* 
atus  (which  he  attributed  to  the  present  author  through  some  mis- 
apprehension) and  Micropterus  nigricans  has  signalized  the  same 
species  from  widely  distant  regions  (e.  g.,  Michigan,  Virginia, 
North  Carolina),  and  has  evidently  understood  their  relations. 

Anal)  sis  of  all  the  published  descriptions  and  comparison  with 
the  fishes  themselves  led  to  the  following  conclusions : 

i^Garlick  (Theodatus).  A  Treatise  on  the  Artificial  Propagation  of  certain  kinds  of 
Fhu  wicii  ilitt  deici'ipcioa:)  of  such  kinds  as  utu  Uio  most  suitable  for  pisciculture,  .  .  . 
Cleveland, T.io.  Brown,  publisher,  Ohio  Farmer  office,  1857.  [12mo,  li'i  pp.  Grystes, 
pp.  105-110.] 

>«  ••  This  lidh  has  been  identified  with  the  common  black  bass  (^Grystes  fascuitus),  but 
is  by  no  means  the  sum3  11  ^h,  diflTeriag  id  many  respects,  both  in  its  habits  and  phys* 
ical  structure,  and  has  not  been  described  in  any  work  on  American  fishes,  so  far  as  I 
can  learn."    (op.  cU.f  p.  108). 

"  GUntuek  (Albert).  Catalogue  of  the  Acanthopterygiun  Fibhes  in  the  Collection  of 
the  British  Museum,  .  .  .  Vol.  I,   .  .  ,  London;  .  .  .  ,  185U  [pp.25>255J. 
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Section  1. — Morphological. 
After  an  examiDation  and  comparison  with  each  other  of  speci- 
mens from  the  great  lakes  (Champlaiu  to  Michigan),  the  states  of 
New  York,  Pennsylvania,  Ohio,  Michigan,  Illinois,  Iowa,  Kentucky, 
Missouri,  Tennessee,  Alabama,  Texas,  Wisconsin,  West  Virginia, 
Virginia,  North  and  South  Carolina,  and  Georgia,  no  differences 
could  be  found  much  if  any  greater  than  such  as  could  be  detected 
among  numerous  individuals  from  any  given  locality.  There  are 
differences  resulting  from  age  and  condition ;  the  fins  may  be 
(slightly)  more  or  less  developed,  and  the  colors  may  be  more  or 
less  intense,  but  no  deviations  have  been  found,  from  the  ordinary 
standard,  of  such  a  character  as  at  all  to  compare,  for  example, 
with  the  differences  between  the  large- mouthed  and  small- mouthed 
forms,  or  to  indicate  that  there  are  any  specific  differences  among 
the  small-mouthed  or  large-mouthed  forms.  The  natural  course, 
then,  appears  to  be  to  recognize  only  the  two  forms  whose  differ- 
ences are  so  obvious  as  species,  and — at  least  till  differences  may 
be  detected  of  which  none  have  yet  been  found — to  consider  all 
the  other  forms,  and  from  all  localities,  however  distant  they  may 
be,  as  representatives  or  varieties  of  those  species. 

Section  2. — Nomenclature. 
A  critical  analysis  of  the  numerous  notices  and  descriptions  of 
the  forms  of  the  genus  indicates  that  the  differences  between  the 
respective  species  have  been  very  imperfectly  apprehended,  and 
mostly  confined  to  the  size  of  the  mouth  and  in  vague  terms  to  the 
size  (comparatively  large  or  small)  of  the  scales:  most  of  the 
other  differences  signalized  are  either  non-existent  or  individual 
and  dependent  on  the  condition  of  the  specimens.  The  charge  of 
vagueness  and  insufficiency  of  diagnosis  is  especially  applicable  to 
the  first  descriptions  of  species  of  the  genus ;  guided,  however, 
by  a  knowledge  of  the  geographical  distribution  of  the  genus  and 
hints  furnished  by  the  radial  formulas,  etc.,  it  may  be  salely  con- 
cluded, (1)  that  most  of  the  names  referred  to  in  the  historical 
introduction  may  be  relegated  to  the  synonymy  of  the  small- 
mouthed  species  ^  (2)  that  the  first  name  applied  to  that  species 
was  Labrus  scdmoides;  (3)  that  only  the  names  Htiro  nigricans^ 
(and  most  of  its  derivatives),  Grystes  megastoma^  Grystes  nobilior^ 
and  Dioplites  miecensis  belong  to  the  large-mouthed  species ;  (4) 
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that  the  name  nigricans  is  therefore  the  first  specific  term  applica- 
ble to  it ;  (5)  that  the  name  Micropterus  was  the  first  applied  to 
the  genus ;  and  (6)  that  therefore,  if  we  only  take  into  considera- 
tion the  priority  of  the  names  (irrespective  of  the  applicability  or 
erroneousness  of  the  description),  and  combine  the  first  specific 
names  apjilied  to  the  respective  species  with  the  first  generic  name 
given  to  a  representative  of  the  genus,  the  two  species  should  be 
designated  as  (a)  Micropterus  salmoidesj  the  small-mouthed  black 
bass,  and    (6)    Micropterus  nigricans,   the   large-mouthed   black 


The  descriptions  of  the  genus  and  its  two  species  follow  next  in 
order. 

MICROPTERUS  Lac.  emend. 

SYNONYMY. 

Micropterus  Lac,  ITist.  Nat.  des  Poiss.,  Iv,  p.  325, 1800?     (=Grystes, ^de 

Cuv.  &  Val.,  Hist.  Nat.  des  Poiss.,  v,  p.  v,  1830.) 
CalUaros  Baf.  Joorn.  de  Physique,  W.  R.  &  M.  Mag.,  1,  p.  374,  Jan.,  1820; 

Ich.  0.,  p.  26,  1820  (not.  Ag.). 
Lepomis  Raf.j  Journ.  de  Physique,  W.  R.  &  M.  Mag.,  li,  p/50,  Feb.,  1820?; 

Ich.  O.,  p.  30,  1820. 
(Lepomis)  Aplites,  n.  s.  p.  iJcr/.,  W.  R.  &  M.  Mag.,  ii,  p.  60,  Feb.,  1820?; 

Ich.  O.,  p.  31,  1820. 
(Lepomis)  Nemocampsis,  n.  s.  g.,  Haf.y  W,  R.  &M.  Mag.,  ii,  p.  51,  Feb., 

1820?;  Ich.  O.,  p.  32,  1820. 
(Lepomis)  Dioplltes,  n.  s.  g.  Baf.,  W.  R.  &  M.  Mag.,  ii,  p.  52,  Feb.,  1820?; 

Ich.  O.,  p.  32,  1820. 
(Etheostoma)  Aplesion,  n.  s.  g.  Baf.,  W.  R.  &M.  Mag.,  ii,  p.  56,  Feb., 

1820?;  Ich.  0.,  p.  36,  1820. 
Haro  Cuv.  &  Val.,  Uist.  Nat.  des  Poiss.,  ii,  p.  124,  1828. 
Grystes  Cuv,  &  Val.,  Hist.  Nat.  des  Poiss.,  iii,  p.  54,  1829. 
Grystos  Agass.y  Lake  Superior,  295,  1850. 
Dioplltes  Girardf  U.  S.  Pac.  R.  R.  Expl.  and  Surveys,  x,  Fishes,  p.  4, 

1858. 
Micropterus  Gill,  Ann.  Rep.  Dep.  Agric,  1866. 
Labrus  sp.,  Lac. 
Bodianus  sp.  Baf. 
Cichla  sp.,  Les, 
Centrarchus  sp.,  Kirtland,  DeKay^  Stover ^  etc. 

Body  ovate- fusiform,  compressed,  deepest  behind  the  ventrals, 
with  the  caudal  peduncle  elongated,  scarcely  contracted  towards 
the  base  of  the  fin. 

Scales  small  or  moderate,  quadrate,  rather  higher  than  long ; 
with  the  exposed  portion  densely  muricated,  rounded  behind  and 

A.  A.  A.  8.  VOL.  XXII.  B.  (5) 
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about  twice  as  high  as  long ;  with  the  fan  with  few  (i~9)  folds ; 
extending  to  the  nape  and  throat. 

Lateral  line  regularly  parallel  with  the  back,  in  scales  nearly 
like  but  smaller  than  the  adjoining  ones. 

Head  compressed  and  oblong  conic,  with  the  lower  jaw  promi- 
nent and  the  profile  rectilinear ;  with  scales  (more  or  less  smaller 
than  those  of  the  trunk)  on  the  cheeks,  operculum,  suboperculum 
and  interoperculum  ((I)  none  or  (2)  few  on  the  preoperculum)  ; 
operculum  ending  in  a  flattened  point  (spine)  and  with  the  border 
above  it  emarginated  ;  suboperculum  with  a  pointed  membrane 
extending  be3'ond  (behind  and  above)  the  opercular  spine ;  pre- 
operculum entire.  Eyes  moderate,  about  equidistant  from  the 
snout  and  preoperculum  ;  nostrils  normal ;  anterior  with  a  poste- 
rior lid  ;  posterior  patulous. 

Mouih,  with  the  cleft  moderately  oblique,  large  (the  supramax- 
illary  (1)  nearly  to  or  (2)  beyond  the  vertical  of  the  posterior 
border  of  the  e3'e).  Supramaxillary  with  the  accessory  ossicle 
well  developed.  Lips :  upper,  little  developed  ;  lower,  moderate 
on  the  sides,  but  separated  by  a  very  wide  isthmus. 

Tongue,  moderate  and  free. 

Teeth  on  the  jaws  in  a  broad  band,  acute,  curved  backwards, 
and  increasing  in  size  towards  inner  rows  ;  on  the  vomer,  palatines 
and  pterygoids,  villi  form. 

Branchiostegal  raj's  six  (exceptionally  seven)  on  each  side. 

Dorsal  with  its  origin  behind  the  axle  of  the  ventral ;  (1)  its 
spinous  portion  longer  but  much  lower  than  the  soft  portion,  with 
ten  spines  more  or  less  graduated  before  as  well  as  behind  and  the 
ninth  much  shorter  than  the  tenth ;  (2)  the  soft  portion  well  de- 
veloped. 

Anal,  with  its  base  shorter  than  the  soft  portion  of  the  dorsal, 
nearly  cotcrminal  with  it,  with  three  spines,  of  which  the  third  is 
much  the  longest. 

Caudal  emarginated  and  with  obtuse  lobes. 

Pectorals  and  ventrals  normal. 

This  enumeration  of  the  characters  common  to  the  known  forms 
of  the  genus  has  been  drawn  up  with  a  view  to  exhibit  the  features 
differentiating  the  genus  from  the  other  representatives  of  the 
family  Pomotidse.  The  difference  indicated  by  the  general  ex- 
pression is  coordinated  with  the  greater  distance  of  the  eye 
from  the  preoperculum,  the  armature  of  the  operculum,  the  pecul- 
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iar  form  of  tlie  dorsal  and  the  relatively  small  size  of  the  anal  fin. 
The  elucidation  of  the  anatomical  characters  of  the  genus  and 
comparison  thereof  with  those  of  other  genera  are  reserved  for  a 
future  occasion  when  the  distinctive  features  can  be  illustrated. 

MICROPTERUS  SALMOIDES  (Lac.)     Gill. 

TUE  SMALL-MOUTH KD   BLACK  BASS. 
SYNONYMY. 

(1) 

Labras  salmoides  Lac.y  Hist.  Nat.  des  Foiss.,  ill,  pp.  716,  717,  pi.  5,  f.  2, 

1800? 
Grystes  salmoides  Cuv.  and  Vol.,  Hist.  Nat.  des  Foiss.,  iii,  p.  54,  pi.  46, 

1829. 
Grystes  salmoides  Jardine^  Nat.  Lib.,  Ferches,    p.   158,    pi.  29,    1835 

(copied). 
Grjstes  salmoides  DeKay,  Nat.  Hist.  N.  Y.,  iv  (Fishes),  p.  26,  pi.  69,  f. 

223,  1842  (copied). 
Grystes  salmoides  Storer,  Mem.  Am.  Acad.  Arts  and  Scl.,  n.  s.,  ii,p.  288; 

i6.,  Syn.  Fishes  N.  Am.,  p.  36,  1846  (copied). 
Grystes  salmoides  Vol.   (Cuv.,  Regne  Aulmal,  ed.  par  disc,  de  Cuv.), 

Foissons,  Atlas,  pi.  9a,  f.  2,  p,  18. 
Grystes  salmoides  Herbert,  F.  P.  Fish  and  Fishing  U.  S.,  p.  197  (copied). 
Grystes  salmoides  Gthr,,  Cut.  Fishes  B.  M.,  i,  p.  252,  1859  (Lake  Erie). 

(2) 
Mlcropterus  Dolomieu  Lac,  Hist.   Nat.   des  Foiss.,  Iv,  p.  325,  1800? 
(Grystes  salmoides,  Jfde  Cuv»  and  Vol,,  Hist.  Nat.  des  Foiss.,  v,  p. 
5,  1830). 

(3) 
Bodlanus  achigan  i?a/.,  Am.  Month.  Mag.  and  Crlt.  Rev.,  li,  p.   120, 

Dec,  1817. 
Lepomis  achigan  QUI,  Froc.  Acad.  Nat.  Scl.  Phlla.,  1860,  p.  20. 
Mlcropterus  achigan  GUI,  Rep.  Coram.  Agric,  for  1866,  407,  1867. 

(4) 
Caillurus  punctulatus  i?a/.,  W.  R.  and  M,  Mag.,  1,  p.  374,  Jan.,  1820;  ift., 
Ich.  O.,  p.  26  (not  Ag). 

(5) 
Lepomis    [Aplltes]  pallida  Baf.,  W.  R.  and  M.   Mag.,  ii,  p.  50,  Feb., 
1820  (?);  <6.,Ich.  0.,p.  30. 

(6) 
Lepomis  [Aplltes]  trifasclata  Raf.,  W.  R.  and  M.  Mag.,  il,  p.  61,  Feb. 
1820  (?);  i6.,  Ich.  O.,  p   31. 

(7) 
Lepomis   [Aplltes  or  Nemocampsis]   flexuolaris    Baf,,  W.  R    and  M. 
Mag.,  ii,  p.  61,  Feb.,  1820  (?)  ;  t6  ,  Ich   O.,  p.  81. 


Digitized  by  VjOOQIC 


68  B.      NATURAL  HISTORY. 

(8) 
Leponilfl  [DfoplUes]  salmonea  J?a/.,  W.  R.  and  M.  Mag.,  il,  p.  62,  Feb., 
1820  (?);  i6.,  Ich.  O.,  p.  32. 

(9) 
Lepomis  [Dioplltea]  notata  7?<i/.,  W.  11.  and  M.  Mag  ,  if,  p    62,   Feb., 
1820  (?);  Ich.  O.,  p.  32. 

(10) 
Etheostoraa  [Aplesion]  calliura  JRa/.,  W.  R.  and  M.  Mag.,  ii,  p.  56,  Feb., 
1820  (?);  Ich.  O.,  p.  80 

(11) 
Clchla  fasciata  i>s..  Jour.  Acad.  Nat.  Scl.  Phila.,  li,  p.  216,  1822. 
Clchla  fasciata  Kirtland  (Rep.  Zool.  Ohio);  2d  Ann.  Rep.   Geol.  Sarv. 

Ohio,  p.  191,  1838. 
Centrarclius  fasciatus  Kirtland,  Bost.  Jour.  Nat.  Hist.,  v,  p.  28,  pi.  9,  f. 

1,  18+2  (?). 
Centrarchus  fasciatus  DeKaxj,  Zool.  N.  Y.,  Iv,  Fishes,  p.  28,  pi.  11,  f.  8, 

18-t2. 
Centrarchus  fasciatus  Storevt  Mem.  Am.  Acad.  Arts  and  Sci.,  n.  s.,  Ii, 

p.  290;  ib.y  Syn.  Fishes,  N.  Am.,  p.  38,  1846. 
Black  Bass  Broxon^  Am.  Anglers*  Guide,  pp.  189,  298,  1850  (Figure  copied 

from  DeKay's  C.  fasciatus). 
Grystes  fasciatus  Agass.,  Lake  Superior,  295,  1850. 
Centrarchus  fasciatus  Thompson^  Civ.  and  Nat.  Hist.   Vermont,  p     131 

(with  fig.),  1853. 
Centrarclms  fasciatus  Gthr.^  Cat.  Fishes  B.  M.,  1,  p.  258,  1869  (copied). 
Grystes  fasciatus  Eoff.,  Smith's  Rep.  for  1854,  p.  289,  1855. 
Grystes  fasciatus  Putnam  (Storer's  Hist.  Fislies  Mass.,  i,  p.  278),  Mem. 

Am.  Acad.  Arts  and  Scl.,  ix,  1867  (Mass.). 
Micropterus  fasciatus  Cope,  Proc.   Acad.   Nat.   Scl.,  Phila.,   1865,  p.   83 

(Michigan). 
Micropterus  fasciatus  Cope,  Jour.  Acad.    Nat.  Sci.,  Phila.,  2d  ser.,  vi, 

p.  216,  1868  (West  Va.,  etc.). 
Micropterus  fasciatus  Cope,   Proc.  Am.  Phil.  Soc,  xl  (?),  p.  450,  1870 

(N.  Car.). 

(12) 
Grystes  nigricans  Herbert,  F.  F.  Fish  and  Fishing  U.  S.,  p.  195  (25,  197), 

with  fig.     (Not  Huro  nigricans  Ciiv.  and  Val,). 
Grystes  nigricans  Garlick,  Treat.  Art.  Propag.  Fish,  p.    105  (with  fig.), 

1857. 
Grystes  nigricans  Non'is,  Am.  Anglers'  Book,  p.  103,  1864. 

(13) 
Cichla  ohieusis  Les.,  Jour.  Acad.  Nat.  Sci.,  Phila.,  ii,  218,  1822. 

(H) 
?Cichla  minima  Les.,  Jour.  Acad.  Nat.  Sci.,  Phila.,  11,  p.  220,  1822. 
Cichla  minima  Kirtland  (Rep.  Zool.  Ohio<:),  2d  Ann.  Rep.  Geol.  Surv., 
Ohio,  p.  191,  1838. 
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(15) 
CeDtrarchus  obscorus  DeKay,  Nat  Hist.  N.  Y.,  iv,  Fishes,  p.  80,  pi.  7,  f. 

87  (really  48). 
Centrarchus  obscurus  Storer^  Mem.  Am.  Acad.  Arts  and  Sci.,  n.s.,  II,  p. 

292;  i6.,  Syn.  Fishes  N.  A.,  p   40,  1846. 
Centrarchus  obscuros  Qihr,^  Cat.  Fishes  B.  M.,  I,  p.  258,  1859  (copied). 

Scales  small,  in  about  sevent}'  to  eighty  oblique  rows  between 
the  head  and  caudal,  and  eleven  longitudinal  ones  between  the 
back  and  lateral  line,  decreasing  very  niucli  towards  the  nape  and 
(especially)  the  breast ;  forming  a  sheath  encroaching  considerably 
upwards  upon  the  soft  portion  and  last  spine  of  the  dorsal.  Head 
transversely  (slightly)  convex  between  the  orbits,  with  (1)  scales 
on  the  operculum  larger  than  those  of  the  nape,  (2)  on  the  sub- 
operculum  (in  front)  in  two  rows,  (3)  on  the  interoperculum  nar- 
row, mostly  invested  in  the  membrane  (in  one  row),  (4)  on  the 
cheeks  very  small  (in  about  seventeen  to  twenty  rows),  and  (5) 
on  the  preoperculum  none.  Mouth  moderate,  the  gape  from  the 
symphysis  to  the  angle  being  little  more  than  one- third  (1  :  2  J)  of 
the  head's  length.  Supramaxillary  ending  in  advance  of  vertical 
from  the  liinder  margin  of  the  orbit  (about  under  the  posterior 
border  of  the  pupil). 

Dorsal  fin  with  its  anterior  spines  rapidly  graduated  (1=:  1  ;•  II 
=  1-5;  111  =  1-90;  IV  =  2-05;  V=:2-30)  to  the  fifth  ;  fifth,  sixth 
and  seventh  longest  and  about  equal  to  the  space  between  the  back 
and  lateral  line  ;  the  succeeding  ones  very  gradually  diminishing 
to  the  ninth  which  is  shortest  (three-fourths — 1  :  1*25  —  of  fifth) 
the  tenth  being  about  as  long  as  the  eighth  and  about  a  third  short- 
er than  the  longest,  i.e.,  fifth. 

Dorsal  fin  with  scales  differentiated  from  those  of  the  sheath  and 
advancing  high  up  on  the  membrane  behind  each  soft  ray  (except 
the  last  two  or  three). 

Anal  fin  with  scales  ascending  high  on  the  membrane  behind  the 
several  rays. 

Color,  in  young  and  adolescent,  bronzed  grayish,  with  (1)  irreg- 
ular darker  spots  tending  to  arrangement  in  three  series  alter- 
nating with  each  other  above  the  lateral  line  and  (2)  indistinctly 
maculated  with  darker  and  yellow  below ;  head  dark  above,  gray 
on  sides,  with  three  oblique  or  horizontal  bands,  viz. : —  (1)  from 
margin  of  upper  jaw  to  below  angle  of  preoperculum,  (2)  from 
lower  angle  of  orbit  to  margin  of  preoperculum,  (3)  from  hinder 
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border  of  orbit  to  angle  of  operculum,  and  with  a  crescentiform 
band  (curved  forwards)  in  front  of  the  forehead  between  the  eyes : 
spinous  dorsal  simply  punctulated  with  dark  ;  the  soft  with  a  series 
of  bronzed  spots  between  the  respective  rays ;  anal  greenish  with 
a  marginal  band  of  grayish-white  ;  in  adults  the  markings  are  more 
or  less  obliterated  and  the  color  a  uniform  dead  green. 

MICROPTERUS  NIGRICANS  (Cov.)  Gill. 

THE  LARGE-MOUTH KD  BLACK  BASS. 
SYNONYMY. 

(1) 

Huro  nigricans  Cuv.  and  Val,  Nat.  Hist.des  Po!ss.,Ii,  p.  124,  pi.  17,  1828. 

Haro  nigricans  Hichy  Fauna  Boreal.,  Amer.,  iii,  p.  4,  1836. 

Huro  nigricans  Jardine^  Nat.  Lib.,  i,  Perches,  p.  108,  pi.  6,  1835 

Huro  nigricans  DeKay,  Zool.  N.  Y.,  part  iv,  Fishes,  p.  16,  pi   224,  1842. 

Huro  nigricans    iSforcr,  Mem.  Am.  Acad.  Arts  and   Scl.,  II,  p  277,  1846; 

i6.,  Syn.  Fishes,  N.  Am.,  p.  25,  184C. 
Huro  nigricans  Gthr.,  Cat.  Fishes  B.  M.,  i,  p.  255,  1859  (copied). 
Grystes  nigricans  Agass,,  Lake  Superior,  p.  297,  1850  (excl  syu.  part). 
Mlcropterus  nigricans  GilU  Kcp.  Comm.  Agric.  for  1866,  p.  407,  1867. 
Micropterus   nigricans    Cope^  Proc.   Acad.  Nat.    Scl.,  Phila,,  1865,  p.  83, 

(Mich  ), 
Micropterus  nigricans  Cope,  Proc.  Am.  Phil.  Soc,  xl,  p.  461, 1870  (N.  Car.). 

(2) 
Grystes  noblllor  Agass.,  Am   Jour.  Scl.  and  Arts  (2),  xvii,  p.  298,  1854. 
Grystes  noblllor  Putnam,  Bull.  Mus.  Comp.  Zool.,  i,  p.  6, 1863  (name  only). 

(3) 
Grystes  nuecensis  Baird  and  Girard,  Proc.  Acad  Nat.  Scl.,  Phlla  ,  vil,  p. 

25,  1854. 
Grystes   nuecensis  Gthr.,  Cat.  Fishes  B.  M.,  1,  p.  262,  1859  (doubtftil  sp. 

— name  only). 
Dioplites  nuecensis  Girard,  U.  S.  Pac.  R.  R.  Expl.  and  Surveys,  x,  Fishes, 

p.  4,  1858. 
Dioplites  nuecensis  Girard^  U.  S.  Mex.  Bound.  Survey,  ii.  Ichthyology, 

p.  3,  pi.  1,  1859. 

w 

Grystes  salmoides  Holbrook,  Ich.  S.  Car.,  p.  25,  pi.  4,  f.  2,  1865;  ib.,  2d 
ed.,  p.  28,  pi.  4,  f.  2,  1860  (?)  (not  Cuv.  and  Val.). 

Grystes  salmoides  Noi^is,  Am.  Anglers*  Book,  p.  99,  1864  (flg.  and  desc. 
copied  from  Holbrook) ;  observations  partly  referring  to  M.  sal- 
moides. 

(5) 

Grystes  megastoma  Garlick,  Treat.  Art.  Prop,  of  Fish,  p.  108,  1857. 
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(6) 
Oswego  Bass  Broio/i,  Am.  Anglers'  Guide,  p.  189,  1850. 
Oswego  Bass  Norris^  Am.  Anglers' Book,  p.  110,  1864. 

Scales  moderate,  in  about  sixty-five  oblique  rows  betweeu  the 
head  and  caudal,  and  eight  (or  seven  and  a  half)  longitudinal  ones 
between  the  back  and  lateral  line,  decreasing  little  towards  the 
nape  but  more  towards  the  throat ;  with  the  sheath  enveloping  the 
base  of  the  soft  portion  of  the  dorsal  very  low  and  developed 
towards  tlie  end  of  the  fin.  Head  flat  between  the  orbits,  with  (1) 
scales  on  the  operculum  about  the  size  of  those  of  the  nape,  (2) 
on  the  suboperculum  broad  and  in  one  row,  (3)  on  the  interoper- 
culum  broad,  conspicuous  and  regularly  imbricated,  in  one  row, 
(4)  on  the  cheeks  moderate  (in  about  ten  rows  in  an  oblique  line, 
and  five  or  six  in  an  horizontal  one),  and  (5)  on  the  preoperculum 
(two  to  five)  in  an  incomplete  row.  Mouth  large,  the  gape  from 
the  symphysis  to  the  angle  of  supramaxillary  equalling  nearly  a 
half  of  the  head's  length.  Supramaxillary  not  continued  back- 
wards decidedly  beyond  the  vertical  from  the  hinder  border  of  the 
orbit. 

Dorsal  fin  with  the  anterior  spines  slowl}'  graduated  (the  first 
being  comparatively  long)  to  the  third  (I  z=  1  ;  II  =:  1*30 ;  III  = 
1*50)  ;  fourth  longest  (but  little  more  so  than  the  third)  and  equal 
to  or  exceeding  the  interval  between  the  back  and  lateral  line ; 
succeeding  ones  successively  and  in  increased  ratio  abbreviated  to 
the  ninth,  which  is  very  short  (two-sevenths  —  1 :  3-5  —  of  fourth), 
the  tenth  being  longer  than  the  eighth  (shorter  than  the  seventh) 
and  about  two-thirds  as  long  as  the  longest  (i.  e,,  fourth). 

Dorsal  fin  with  scales  ascending  comparatively  little  behind  on 
the  membrane  behind  the  soft  rays  (none  behind  last  five  or  six). 

Anal  fin  with  no  (or  very  few)  scales. 

Color,  in  young  and  adolescent,  greenish-black,  verging  to  yel- 
lowish-white on  lower  sides  and  abdomen,  with  (I)  a  series  of 
large  blotches  arranged  in  a  regular  line,  from  shoulder  to  caudal, 
on  the  middle  of  sides,  the  posterior  third  of  which  becomes  a  con- 
tinuous stripe  and  (2)  below  this  middle  series,  rather  irregular, 
small  blotches,  with  tendency  to  become  a  continuous  stripe  on 
posterior  third  of  body.  Head  dark  above,  white  from  lower  half 
of  maxillary  bone,  and  suboperculum  to  chin  and  throat,  and  with 
three  oblique  and  horizontal  bands  upon  cheek,  viz. :  (1)  one  from 
angle  of  upper  jaw  to    margin  of  preoperculum,   (2)  from  one 
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lower  edge  of  orbit  to  angle  of  operculum,  and  (3)  one  radiating 
slightly  upward  from  posterior  margin  of  orbit  to  operculum. 
Apex  of  operculum  with  large  dark  spot,  upper  fins  dusky,  lower 
yellowish-white. 

The  stripes  on  the  body  frequently  continue  until  the  fish  is  well 
grown,  though  gradually  becoming  obsolete ;  black  spots  upon  the 
scales  remain  more  or  less  permanently,  giving  the  appearance,  in 
old  fish,  of  fine  lines  or  stripes.     (Color  ^e  J.  W.  Milmer,  Mss.) 


On  Movement  in  the  Stigmatic  Lobes  of  Catalpa.  By  Thomas 
Meehan,  of  Germantown,  Penn. 

It  has  long  been  known  that  the  expanded  lobes  of  the  pistil  in 
some  species  of  Mimulus  close  when  touched.  In  communications 
to  the  Academy  of  Natural  Sciences  of  Philadelphia,  I  have  shown 
that  this  power  extends  to  other  genera  of  scrophulariaceous  plants, 
and  even  extends  to  Bignonia  in  an  allied  order. 

I  have  not  suggested  any  service  to  the  plant  by  this  motion ; 
but  recently  a  correspondent  of  the  London  "Journal  of  Botany," 
referring  to  the  Alimulus  moschatus^  expressed  his  belief  that  it  is 
one  of  the  arrangements,  recently  discovered,  whereby  plants 
avoid  self-fertilization  and  seek  aid  from  insect  agency.  He  says, 
in  eflTect,  that  when  a  pollen-covered  insect  touches  the  stigma  on 
entering,  the  cloven  stigma  at  once  closes,  and  thus  avoids  its  own 
pollen  which  is  taken  out  by  the  insect  on  its  exit,  and  carried  to 
another. 

As  it  was  but  last  winter  that  I  observed  the  motion  in  Tecoma 
jasminokles,  1  have  onlj'  now  been  led  to  look  for  it  in  Catalpa 
hignonoides^  of  the  same  natural  order.  I  find  it  to  have  the  same 
motion,  but  in  a  very  slow  degree.  It  takes  aboiit  one  minute  for 
the  fully  expanded  lobes  to  close  wholly.  It  would  thus  appear 
that  in  this  case  the  motion  can  hardly  have  relation  to  insect  fer- 
tilization, as  an  insect  would  be  very  unlikely  to  remain  so  long 
in  one  flower.  On  withdrawal  it  would  introduce  the  fiower*s  own 
pollen  to  the  stigma  long  before  the  lobes  closed.     On  reading  the 
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suggestion  referred  to,  I  was  prepared  to  accept  the  explanation 
from  knowing  how  much  the  Bignoniaradicans  is  frequented  by  the 
humming-bird,  which  I  supposed  might  prove  its  fertilizing  agent ; 
but  I  find  that  no  insect  but  a  few  honey  bees  frequent  the  Catalpa 
here,  unless  there  be  some  nocturnae  which  have  escaped  my  obser- 
vation. But^these  honey  bees  do  not  affect  the  stigma.  The  lobes 
remain  open  after  their  visit,  and  as  they  close  on  being  touched 
afterward,  it  is  clear  the  insect  avoids  them.  Yet  the  trees  pro- 
duce seed  in  great  abundance.  Fertilization  is-  probably  effected 
here  by  wind. 

It  may  be  that,  though  the  stigmatic  motion  may  have  no  refer- 
ence to  insect  fertilization  in  this  case,  it  may  have  in  the  Mimu- 
lus  and  other  cases ;  for  there  is  evidence  to  show  that  in  plants, 
as  in  animals,  there  are  inherited  tendencies  which,  valuable  to  one 
race  or  variety,  are  of  no  use  to  another  springing  from  it,  and 
which  will  gradually  die  away  in  time.  Still  this  suggestion,  so 
far  as  it  relates  to  Catalpa^  is  met  by  one  from  an  opposite  point, 
namely :  that  plants  which  require  the  aid  of  insects  in  their  fer- 
tilization are  later  creations  in  the  order  of  time  than  those  which 
are  fertilized  by  wind.  If,  therefore,  other  allied  plants  require 
Insect  aid,  the  Catalpa  ought  to  be  acquiring  a  power  rather  than 
losing  one.  But  these  speculations  are  merely  to  indicate  the 
direction  of  popular  inquiries ;  the  main  object  of  the  paper  is  to 
note  the  stigmatic  motion  in  CatalpUy  and  the  difficulty  it  presents 
to  the  acceptance  of  the  insect  fertilization  explained  of  it. 


On  Hermaphroditism  in  Rhus  cotinus  (the  Mist  Tree)  and  in 

Rhus  glabra  (Com3ion   Sumac).     By  Thomas  Meehan,  of 

German  town,  Penn. 

I  believe  Bhus  cotinus  is  generally  regarded  as  hermaphroditic. 

Describers,   referring  to  it,  usually  say  it  is  so,  or  merely  say, 

"flowers  sometime    abortive."     A  friend    informs   me  that,   in  a 

collection  of  plants  from  the  south  of  Europe,  he  once  saw  both 

male   and  female  specimens;  and  from  experience  with  a  large 
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number  of  plants  on  my  grounds,  I  can  say  that  here  they  are 
truly  di(Dciou8.  It  is.  probable  that  the  error  arose  from  the  fact 
of  our  cliief  acquaintance  with  it  being  through  cultivated  speci- 
mens. But  in  late  3'ears  nurserymen  depended  on  layers  for 
propagating  it,  and  as  the  female  form  is  the  most  desirable,  that 
one  has  been  thus  rendered  the  best  known.  In  all  probability  one 
original  plant  furnished  most  of  those  in  cultivation.  Somewhat 
recently,  seed,  probably  from  wild  plants,  has  been  extensively 
distributed  by  German  seedsmen,  and  it  is  to  these  seedlings  that 
the  facts  of  this  paper  relate.  The  plants  of  the  past  —  layered 
plants  —  "mostly  abortive,"  as  the  books  say,  usually  perfect  their 
carpels ;  but  these  contain  no  seeds,  so  far  as  I  have  been  able  to 
find.  In  the  male  the  gynoccium  is  almost  wanting,  while  the 
stamens  are  fully  developed,  and  the  flower  is  nearly  double  the 
size  of  the  female  flowers.  These  are  smaller,  and  have  the  merest 
rudiments  of  pistils. 

This  knowledge  has  more  than  usual  importance  from  the  fact 
that  the  "mist"  as  the  hairy  pedicels  are  popularly  called,  is  only 
produced  to  any  great  extent  by  the  female  plant.  The  male 
flowers,  not  having  the  viability  of  the  female,  according  to  the 
laws  already  developed  in  ray  former  papers  on  sex,  die  away  soon 
after  developing  —  pedicels,  general  axis  and  all.  Sometimes  the 
misty  hair  will  become  developed  a  few  lines  in  length,  before  the 
inflorescence  loses  its  vitality ;  and  in  three  cases  out  of  many 
hundreds  vitality  continued  long  enough  to  develop  fair  "mist}'" 
heads.  The  general  rule,  however,  is  for  the  male  inflorescence  to 
die  entirely  away  soon  after  the  anthers  burst. 

Another  matter  of  interest  is  that  in  some  vigorous  develop- 
ments (deemed  vigorous  from  the  great  number  and  length  of 
pedicels  in  one  panicle)  two  carpels,  and  occasionally  three,  will 
be  developed  from  a  single  flower,  in  the  latter  case  forming  a  tri- 
angular capsule.  This  might  be  expected  from  the  trifid  pistil, 
but  I  believe  the  actual  development  has  not  been  placed  on  record 
before. 

It  is  worthy  of  remark  that  in  most  plants  which  have  a  her- 
maphroditic appearance,  but  are  practically  dioecious,  the  relative 
length  of  the  stamens  and  pistils  varies  in  the  dimorphic  conditions. 
In  the  one  case,  the  truly  female,  the  pistil  is  longer  than  the  sta- 
mens, and  the  stamens  are  the  longer  in  the  male.  In  Rhus  glabra 
there   is   a  form  considered  hermaphroditic,  in  which  the  pistils 
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seem  highly  developed  in  the  midst  of  perfect  stamens,  quite  as 
much  so  as  in  the  purely  pistillate  plant ;  but  so  far  as  my  obser- 
vations go,  no  pollen-bearing  flowers  ever  produce  seed.  The 
pistillate  plants  of  Rhus  glabra  also  are  several  days  later  in  com- 
ing to  bloom. 


Note  on  a  New  Sfgillaria  showing  Scars  oir  Frcjctification. 
By  J.  W.  Dawson,  of  Montreal,  Canada. 
abstract. 

This  new  species  is  closely  allied  to  the  S,  Lcdayana  of  Schim- 
per,  and  has  been  named  S.  Lorwayana  from  the  Lorway  coal 
mine  in  Cape  Breton  where  it  was  found.  Its  description  is  as 
follows : — 

Leaf-bases  about  8""*°  broad  and  5"""  high,  in  trunks  of  moderate 
size,  hexagonal  with  rounded  angles,  or  approaching  to  oblong ; 
sometimes  a  slight  indentation  below  causes  them  to  appear  renl- 
form.  They  are  contiguous,  or  nearly  so,  in  vertical  rows,  being 
separated  from  each  other  only  by  a  slight  ridge.  The  rows  are 
separated  by  spaces  of  wrinkled  bark  nearly  half  as  wide  as  the 
leaf-bases.  Vascular  scars  near  the  top  of  the  leaf-base,  each  liav- 
ing  two  minute  and  often  confluent  points  and  two  larger  and  lu- 
nate lateral  punctures. 

Fruit-scars  arranged  in  transverse  rows  forming  a  girdle,  each 
member  of  the  girdle  consisting  of  from  two  to  seven  contiguous, 
vertical  scars  placed  in  the  spaces  between  the  leaf-scars  in  the 
vicinity  of  an  articulation,  where  the  rows  of  leaf-scars  are  not 
continuous,  as  if  there  had  been  an  interruption  of  growth.  These 
articulations  are  from  two  inches  to  a  foot  apart  verticall3^  The 
scars  are  depressed  or  sunk  into  the  stem,  rounded  or  angular  by 
pressure,  having  in  the  centre  a  small  sunken  ring  and  dot. 

The  bark  appears  to  have  been  thin.  Flattened  specimens  are 
sometimes  a  foot  in  diameter. 

When  the  epidermis  is  removed,  the  inner  surface  appears  ru- 
gose longitudinally,  and  there  are  transverse  leaf-scars,  each  with 


Digitized  by  VjOOQIC 


76  B.      NATURAL   HISTORY. 

two  vascular  points,  the  whole  presenting  the  appearance  of  the 
type  Leioderma. 

The  author  contended  that  the  fruit-scars  are  evidently  modi- 
fied leaf-scars  passing  into  these.  They  have  thus  no  affinity, 
either  in  form  or  relation,  with  the  large,  round,  cone-bearing  scars 
of  LepidofloioSy  and  they  must  either  have  borne  single  ovules  or 
modified  leaves  with  marginal  fruit.  The  fruit  ma}'  have  been 
either  Trigonocarpa  or  Cardiocaipa^  and  these  may  have  been 
borne  in  racemes  of  the  nature  of  Anthoolites.  This  view  does 
not  accord  with  that  of  Goldenberg  and  Schimper,  but  is  in  har- 
mony with  that  stated  by  the  author  in  "  Acadian  Geology,"  pp. 
437,  438,  459. 


On  an  Ancient  Burial-ground  in  Swanton,  Vt.    By  George  H. 

Perkins,  of  Burlington,  Vt. 
About  two  miles  north  of  the  village  of  Swanton  in  north- 
western Vermont  is  a  sandy  ridge,  wliich  was  formerly  covered 
by  a  dense  growth  of  Norway  pines ;  the  thickly-set,  straight 
trees  resembling  somewhat  a  huge  growth  of  hemp.  The  place 
was  at  one  time  called  "  the  old  hemp  yard  "  a  name  which  still 
clings  to  it.  Rather  more  than  twelve  years  ago  it  was  discovered 
that  beneath  this  forest  stone  implements  were  buried,  and  further 
investigation  has  shown  that  the  spot  that  was  so  covered  with 
large  trees  and  stumps,  when  the  first  white  man  came  into  the 
region,  had  been,  ages  before,  used  as  a  burial  place  by  some 
people,  whose  only  records  are  the  various  objects  which  the  af- 
fectionate care  of  the  living  placed  in  the  graves  of  the  dead. 
From  directly  beneath  the  largest  trees  or  half  decayed  stumps, 
some  of  these  relics  were  taken,  so  that  we  may  feel  sure  that 
before  the  great  pines,  which  for  many  years,  perhaps  centuries, 
grew,  flourished  and  decayed,  had  germinated,  these  graves  were 
dug,  and  with  unknown  ceremonies  the  bodies  of  the  dead  were 
placed  in  them,  together  with  those  articles  that  had  been  used 
during  life,  or  were  supposed  to  be  needed  in  a  future  existence. 
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We  cannot  know  how  many  successive  growths  of  trees  may  have 
followed  each  other  since  the  forest  began  to  usurp  the  place  set 
apart  for  sepulture. 

In  the  early  days  preceding  the  settlement  of  the  country  by  the 
whites,  two  great  nations,  the  Algonquins  and  Iroquois,  occupied 
the  region  bordering  the  northern  part  of  Lake  Cliamplain.  A 
branch  of  the  Algonquins,  the  St.  Francis  tribe,  as  they  were  lat- 
terly called,  were  living  on  the  banks  of  the  Missisquoi  River,  near 
Swanton,  when  the  place  was  settled  by  white  men.  These  In- 
dians had  a  village  near  the  river,  which  had  been  occupied  by 
them  from  ancient  times.  Near  this  village  was  a  second  and  more 
recent  cemetery',  about  four  or  five  miles  from  that  first  named. 
Though  this  was  evidently  less  ancient  than  that  beneath  the  pine 
forest,  and  had  been  used  up  to  comparatively  modern  times,  it 
yet  bore  evidence  of  considerable  antiquity,  A  brief  account  of 
both  of  these  places  was  given  by  the  late  Professor  J.  B.  Perry, 
at  a  meeting  of  the  Boston  Society  of  Natural  History  in  Decem- 
ber, 1868,  which  was  printed  in  volume  xii  of  the  Proceedings  of 
that  Society,  pp.  219-221.  Professor  Perry's  account  was  evi- 
dently intended  merely  to  call  attention  to  the  case  and  was  prob- 
ably given  from  memory  without  recent  examination  of  the  objects 
which  he  describes,  as  in  many  details  his  statements  are  inaccu- 
rate. 

While,  of  course,  the  survivors  of  the  St.  Francis  tribe,  a  few 
of  whom  lived  near  Swanton  not  many  years  ago,  were  acquainted 
with  the  burial  place  of  their  own  tribe,  they  had  no  knowledge, 
as  Professor  Perry  states  of  the  more  ancient  cemetery,  not  even 
a  tradition  that  hinted  of  its  existence.  That  it  belonged  to  a 
different  people  is  shown  by  the  character  of  the  articles  found,  as 
they  differ  in  many  respects  from  those  taken  from  the  graves  of 
the  St.  Francis  tribe,  being  of  finer  material  for  the  most  part,  of 
different  shape,  more  elaborately  wrought  and  altogether  giving 
evidence  of  a  higher  degree  of  culture  than  that  to  which  the  Iro- 
quois or  Algonquins  attained. 

For  many  facts  concerning  this  more  ancient  burial  place  I  am 
indebted  to  Mr.  H.  H.  Dpan  of  Swanton,  who  has  opened  more  of 
the  graves  than  any  one  else  and  who  has  been  careful  to  ascer- 
tain the  exact  truth  in  regard  to  all  the  excavations.  His  state- 
ments are  corroborated  by  others  and  by  my  own  investigations. 

That  the  pine  forest  of  the  old  hemp  yard  covered  the  remains 
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of  some  of  the  ancient  inhabitants  of  the  country  was  not  sus- 
pected until  discovered  by  accident,  there  being  nothing  on  the 
surface  to  indicate  anything  of  the  sort,  not  even  mounds  of  any 
kind,  titough  small  ones  may  have  originally  existed  and  been  ob- 
literated during  subsequent  changes.  Twenty-five  graves  at  least 
have  been  opened  at  this  place  and,  though  at  present  no  more 
can  be  examined,  it  is  probable  that  more,  perhaps  many  more, 
yet  remain  untouched,  and  others  still  have  very  likely  been  un- 
covered by  the  wind,  and  their  contents  scattered,  for  the  light 
sand,  in  which  the  graves  were  dug,  has  been  for  quite  a  long  time 
blowing  off.  Those  graves  that  were  earliest  opened  were  at  least 
six  feet  below  the  surface,  as  Deacon  E.  Frink,  who  opened  them, 
states,  but  those  that  have  since  been  discovered  have  none  of  them 
been  as  deep,  some  less  than  two  feet ;  in  all  cases  since,  perhaps, 
the  first  one  or  two  graves  were  opened,  the  surface  material  had 
blown  off,  or  been  disturbed  so  much  that  it  is  not  possible  to  de- 
termine the  precise  deplh  of  the  graves,  when  the  bodies  were 
placed  in  them. 

The  sand  in  which  the  graves  were  dug  is  of  a  very  light  color, 
but  that  immediately'  around  and  beneath  the  body  was,  with  two 
exceptions,  colored  a  dark  red  or  reddish-brown  ;  in  the  excep- 
tional cases  it  was  black.  The  red  sand  was  from  four  to  six 
inches  in  deplh  and  its  color  was  undoubtedly  due  to  the  presence 
of  red  iron  oxide,  or  red  hematite,  small  pieces  of  a  compact, 
deep  red  variety  of  that  mineral  having  been  found  in  several  of 
the  graves.  These  bits  of  ore,  while  pretty  easily  giving  color  to 
water  when  powdered,  are  not  soft  enough  to  have  caused  the  col- 
oring of  the  sand  by  staining  such  water  as  might  have  trickled, 
through  it,  so  that  the  oxide  must  have  been  powdered  and  mixed 
with  water,  or,  less  probably,  with  the  blooil  of  some  animal,  and 
poured  into  the  graves  as  a  part  of  the  funeral  rites.  As  nearly 
all  of  the  objects  taken  from  the  graves  are  stained,  as  well  as  the 
sand,  it  is  probable  that  the  coloring  material  was  poured  over  the 
body  and  such  objects  as  were  deposited  with  it  after  they  were 
placed  in  the  grave.  The  black  color  mentioned  was  due  probably 
to  the  decomposition  of  organic  matter,  no  coloring  liquid  having 
been  poured  into  those  graves. 

The  skeletons  found  in  the  graves  were  much  decomposed,  only 
two  bones,  a  femur  and  a  radius,  being  entire,  though  several 
others  are  nearly  whole,  among  the  rest  nearlj'  half  of  a  skull ; 
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but  most  of  the  bones  crumbled  more  or  less  on  exposure  to  tbe 
air.  The  skull  I  have  not  been  able  to  examine  with  care.  As  to 
the  position  of  the  body  in  the  grave  I  am  unable  to  assert  any- 
thing  positive  with  reference  to  most  of  the  graves,  though  it  is 
probable  that  most  were  buried  in  a  sitting  posture  facing  the 
east.  In  a  few  cases  I  am  sure  of  this.  Deacon  Elliott  Frink, 
upon  whose  land  the  graves  were  found,  states  that  he  dug  open 
several  of  the  graves  that  were  first  examined,  and  that  he  found 
one  body,  that  of  an  adult  person,  buried  in  a  perpendicular  posi- 
tion with  the  head  downwards,  and  that  in  this  grave  no  imple- 
ments were  found  except  a  few  arrowheads.  If  the  body  really 
was  buried  in  this  singular  position  it  is  a  fact  of  great  interest, 
and  suggests  the  disgrace  and  punishment  of  some  great  criminal, 
inflicted  not  only  during  life,  but  carried  even  into  his  dishonor- 
able burial.  But  we  cannot  be  so  sure  of  the  fact  of  this  unheard- 
of  burial  as  we  should  like  to  be.  While  we  have  entire  confidence 
in  the  honesty  and  truthfulness  of  the  person  who  observed  the 
apparent  fact,  we  must  bear  in  mind  the  ease  with  which  one  unused 
to  such  investigations  might  be  deceived.  My  friend,  Mr.  F.  W. 
Putnam  of  Salem,  an  excellent  authority  in  archteological  matters, 
states  that  it  not  very  infrequently  happens  that,  after  the  decom- 
position of  a  body  buried  in  a  sitting  posture,  the  liead  drops  down 
between  the  legs  or  feet,  and  it  is  possible  certainly  that  by  a 
sinking  of  the  soil  and  by  such  displacement  of  the  ground  as 
might  easily  enough  be  caused  in  digging  open  the  grave,  if  the 
digger  were  not  sure  of  the  position  of  the  body,  or  careful  not  to 
displace  anything,  such  a  change  of  position  in  the  skeleton  might 
be  caused  as  to  make  it  appear  to  have  been  originally  deposited 
in  a  position  quite  different  from  that  in  which  it  really  was.  I  do 
not  intend  to  assert  that  it  is  not  possible  that  the  body  mentioned 
was  buried  head  downwards,  but  only  that  it  is  much  more  prob- 
able that  it  was  not. 

Through  the  kindness  of  Dr.  G.  M.  Hall  and  Mr.  H.  II.  Dean 
of  Swanton,  and  Dr.  Hiram  Cutting,  curator  of  the  State  Cabinet, 
I  have  been  able  to  examine  a  full  series  of  implements  taken  from 
the  graves.  In  all,  I  have  studied  not  far  from  a  hundred  articles, 
and,  so  far  as  I  can  discover  by  diligent  inquiry  in  and  about 
Swanton,  this  series  includes'  at  least  two-thirds  of  all  that  have 
been  found. 

As  the  result  of  a  careful  comparison  of  the  various  implements 
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found  in  the  Swanton  graves  witli  those  from  moands  in  the  west, 
1  am  convinced  that  in  the  Swanton  relics  we  have  evidence  that 
at  some  time  a  branch  of  the  mound-buiiding  race  wandered  east- 
ward, perhaps  following  tlie  8t.  Lawrence,  and  found  their  wa}'  to 
/  the  region  on  the  Missisqiioi  River  near  Lake  Champlain,  where  we 
I  now  find  their  remains.  From  the  comparatively  small  number  of 
graves,  and  from  the  fact  that  we  have  graves,  but  no  attempt  at 
the  formation  of  any  mound,  I  am  inclined  to  infer  that  the  people 
who  thus  strayed  from  tiie  main  body  were  few  in  number,  and 
perhaps  their  residejice  in  Vermont  was  not  of  long  duration. ^ 

For  proofs  of  the  reliitionship  of  the  people  of  the  Vermont 
graves  to  those  of  the  mounct^^oQhe  Mississippi  valley,  the  reader 
is  referred  to  some  of  the  articles*l?ki§cribed  farther  on,  some  of 
them  being,  as  will  be  notice  i  in  connectioTtWJLi^^^*®™'  identical, 
except  in  some  unimportant  details,  with  someof^^^®  figured 
and  described  by  Squier  in  the  first  volume  of  the  SmithS?'^**^^ 
Contributions. 

Moreover,  we  have  evidence  elsewhere  in  Vermont  of  the  pres- 
ence of  the  mound  builders.  A  copper  spearpoint,  found  not  far 
from  Burlington,  is  almost  exactly  like  one  figured  in  Dr.  Foster's 
late  work  on  '*  Prehistoric  Races  of  the  United  States,"  page  255, 
fig.  53e,  which  he  regarded  as  an  implement  of  the  mound-builders. 
The  Vermont  specimen  differs  only  in  being  narrower,  and  the 
edges  of  the  shank  are  not  bent  over  so  far,  being  more  as  in  fig. 
55,  p.  258,  of  the  same  work.  Quite  a  number  of  stone  imple- 
ments have  been  found  in  different  parts  of  Vermont  which  closely 
resemble  others  from  the  Mississippi  valley,  yet  it  may  properly' 
be  stated  that  the  relics  from  the  Swanton  graves  form  a  collec- 
tion unique  in  itself  and  quite  different  from  collections  of  similar 
objects  from  the  state  at  large.  No  pottery  of  which  I  am  aware 
has  been  found  in  any  of  the  graves,  though  several  fine  examples 
have  been  dug  up  not  very  far  from  Swanton. 

Besides  implements  of  definite  form  and  use  several  objects  have 
been  obtained  in  the  Swanton  graves,  which,  though  apparently  of 
little  use,  may  have  been  preserved  as  objects  of  curiosity.  Among 
these  is  a  mass  of  gnarled  spruce  or  pine,  having  somewhat  the 

^Thc  absence  of  mounds  where  the  graves  are  found  does  not  necessarily  prove  that 
noneever  exi>ted,  for  the  Koil  is  so  light  and  eaailj  moved  by  the  strong  winds  to  which 
it  is  often  exposed  tliat,  as  soon  as  the  grass  or  other  vegetation  that  may  be  growing 
in  the  sand,  is  removed,  extensive  excavation  soon  follows.  Hence,  mounds  of  some 
size  might  have  been  made  and  yet  no  trace  of  them  now  exist. 
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appearance  of  a  spliere  bearing  upon  its  surface  quite  irregularly 
conical  protuberances.  It  is  wrought  only  a  little  and  was  prob- 
ably formed  in  the  roots  of  a  tree  where  very  likely  several  roots 
started  from  the  main  stem  at  neighboring  points.  It  is  about 
twice  a3  large  as  one's  doubled  fist  and  would  attract  the  atten- 
tion of  any  one  seeing  it,  as  being  much  like  a  rude  carving.  A 
smooth  water-worn  pebble  of  white  quartz,  weighing  just  a  pound, 
was  found  in  one  grave :  it  is  about  four  inches  long,  three  wide 
and  one  thick,  and  of  oval  shape.  One  side  was  deeply  stained 
with  the  so- called  paint,  and  it  ma}'  have  been  used  for  grinding 
the  iron  oxide  that  was  to  form  the  basis  of  the  coloring  material 
to  be  poured  into  the  graves  of  the  dead,  or  used  as  paint  for  the 
bodies  of  the  living.  In  another  grave  was  a  piece  of  black  shale 
resembling  the  Lorraine  shales  of  New  York.  It  is  about  six  inches 
long,  three  or  four  wide  and  a  fourth  of  an  inch  thick.  It  does 
not  seem  to  have  been  wrought  in  any  way,  but  it  bears  distinct 
cavities,  the  matrices  of  fossils  that  had  dissolved  out,  thickly 
scattered  over  it,  and  these  undoubtedly  made  it  attractive.  From 
another  grave  came  a  much  larger  piece  of  the  dark  red  Potsdam 
sandstone,  found  at  Ilighgate,  just  north  of  Swanton.  This  is 
covered  over  a  part  of  its  surface  with  casts  of  Obolella,  Cono- 
cpphalites  and  otiier  characteristic  fossils.  One  end  is  broken  off, 
the  remaining  sides  are  all  rurlely  squared  and  smoothed,  so  that 
the  general  form  of  the  stone  is  that  of  a  brick.  As  the  fossils 
in  this  stone  are  very  inconspicuous  and  the  stone  itself  unat- 
tractive, it  is  difficult  to  see  what  there  was  in  it  especially  inter- 
esting. Only  a  very  small  proportion  of  the  objects  taken  from 
the  graves  can  be  classed  among  those  just  mentioned,  by  far  the 
larger  number  having  evidently  been  made  for  some  definite  use ; 
these  are  formed  of  copper,  of  shell  and  of  stone. 

Implements  of  copper  are  not  at  all  common,  not  more  than 
eight  or  ten  in  all  having  been  found.  The  largest  of  these,  that 
shown  in  fig.  l,is  somewhat  chisel-shaped  or  long  triangular;  the 
surfaces  are  slightly  convex  and  the  corners  are  bevelled  along  the 
sides  very  regularl}'.  The  broad  surfaces  are  tolerably  smooth, 
but  are  dented  as  if  struck  from  end  to  end  with  some  tool  having 
a  blunt  edge.  Neither  end  of  this  instrument  is  brought  to  an 
edge,  but  the  broadest  end  is  thinnest.  Along  each  side  runs  a 
regular  and  rather  deep  groove.  When  first  taken  from  the 
ground  by  Mr.  Dean  it  had  fragments  of  wood  adhering  to  it,  and 
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it  still  bears  impresBions  upon  its  corroded  surface  of  woody  fibre. 
It  was  probably  a  point  projecting  from  a  war  club,  the  broader 
and  thinner  end  being  inserted  in  the  wood ;  the  dents,  jiut  men- 
tioned, serving  to  hold  it  in  place  and  the  more  nearly  square 
pointed  end  projecting.  Its  surface  is  badly  corroded  and  the 
wood  found  with  it  speedily  crumbled  on  exposure  to  the  air. 
It  is  5*9  inches  long,  1*2  inches  broad  at  one  end  and  -4  inch  at 
the  other,  *15  inch  thick  at  broad  end,  *45  inch  near  the  middle 
and  .25  inch  at  the  narrow  end,  and  its  weight  is  6-25  ounces, 
Troy.  It  is  in  the  collection  of  Mr.  Dean.  Fig.  1  shows  this 
implement  one-half  natural  size.  Like  all  the  other  articles  of 
copper  it  is  of  the  pure  native  copper  of  Lake  Superior.  Fig.  2 
represents  a  chisel  also  reduced  one-half.  This  implement  is 
smoother  than  the  other  and  seems  rather  more  carefully  formed ; 
it  is  also  thinner ;  the  corners  are  not  bevelled,  but  left  sharp, 
and  the  ends  are  more  nearly  equal  in  breadth.  It  is,  as  the 
drawing  shows,  smaller,  being  4 '4  inches  long,  *6  inch  and  1*2 
inches  wide  at  the  ends  and  *2  inch  thick  near  the^  middle. 
Figs.  8  and  4  are  reduced  drawings  of  bars  of  nearly  the  same 
length  and  weight,  though  fig.  3  is  rather  larger.  This  was  found 
held  in  the  teeth  of  a  skull.  Its  corners  are  bevelled  so  that  a 
cross  section  is  octagonal,  but  as  the  surfaces  made  by  this 
bevelling  of  the  corners  are  quite  narrow,  the  other  four  are 
much  wider  and  two  of  these  are  grooved,  each  by  a  rather  shallow 
furrow,  much  like  that  on  each  edge  of  fig.  1.  The  ends  taper  to 
very  blunt  and  rather  irregular  points.  The  entire  length  is  4*7 
inches,  greatest  breadth  *35  inch,  greatest  thickness  *3  inch. 
Fig.  4  difiers  from  this  in  being  cylindrical  and  having  its  ends 
more  regularly  tapered.  Its  length  is  nearly  the  same  as  that 
of  fig.  3,  but  its  diameter  is  less,  being  nowhere  more  than  '27 
inch. 

Besides  the  larger  articles  quite  a  number  of  tubes  have  been 
found  which  are  quite  like  those  taken  from  some  of  the  mounds  of 
the  west.  They  are  so  much  corroded  and  broken  that  it  is  not 
possible  to  determine  their  original  length,  but  as  they  now  are 
this  varies  from  '5  inch  to  two  inches.  The  diameter  does  not  vary 
much,  it  being  from  -2  inch  to  '3  inch.  These  tubes  are  made  from 
sheets  of  beaten  copper  rolled  together,  and,  as  the  inner  edge 
remained  flat  for  a  short  distance,  the  surface  of  the  tube  above 
this  is  fiat,  as  often  occurs  when  any  stiff  material  is  rolled.    £e- 
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sides  being  corroded  the  surfaces  of  the  bits  of  tabing  are  dented 
and  battered  as  if  they  had  been  subjected  to  rough  usage. 

Objects  made  from  shell  are  more  numerous,  though  all  of  the 
same  general  form — that  of  beads,  as  may  be  seen  in  Ggs.  5,6,  and 
7.  In  all,  thirty  of  these  shell  ornaments  have  been  found.  They 
were  formed  from  the  ^olumellre  of  large  shells,  such  as  Fascia- 
laria  and  Strombus. 

Where  the  surface  of  the  shell  was  smooth  it  was  left  as  it  was 
found,  while  the  irregular  ends  and  sides,  where  the  fragment  that 
was  to  bq  used  was  broken  from  the  rest  of  the  shell,  were  rubbed 
smooth  and  the  whole  made  more  or  less  regular  in  shape,  and  per- 
forated, as  will  soon  be  described.  In  size  these  beads  vary  greatly, 
the  largest  being  over  two  inches  long  and  an  inch  in  diameter  and 
the  smallest  not  more  than  half  an  inch  long  and  a  quarter  of  an 
inch  in  diameter.  The  longer  and  more  slender  specimens,  such 
as  fig.  7,  are  more  common  than  those  that  areshorter  and  thicker, 
such  as  fig.  5  ;  the  more  common  size  perhaps  is  from  an  inch  and 
a  quarter  to  an  inch  and  a  half  long  and  one-fourth  of  an  inch,  or 
a  little  more,  in  diameter.  They  are  all  perforated,  though  not 
exactly  in  the  same  manner.  In  some,  as  fig.  5,  the  hole  runs  di- 
rectly from  end  to  end  ;  in  others,  fig.  6,  a  hole  is  bored  for  a  short 
distance  into  each  end,  until  it  meets  a  second  aperture  caused 
by  boring  from  one  side  down  upon  the  former,  and  so  meeting  it 
at  right  angles  ;  or,  as  in  fig.  7,  there  is  a  hole  running  from  end 
to  end,  which  is  met  by  a  single  transverse  opening.  Besides  the 
fragments  of  the  columellse  of  large  shells,  one  or  two  entire  spe- 
cimens of  the  small  Marginella  conoidcUis^  so  common  on  the 
Florida  coast,  were  found.  These  were  drilled  longitudinally 
through  the  spire.  Thus,  while  the  articles  of  copper  show  that 
the  ancient  people,  whose  works  we  are  studying,  had  intercourse, 
directly  or  indirectly,  with  tribes  living  near  the  Lake  Superior 
copper  region,  so  these  shell  beads  show  a  similar  communication 
with  tlie  southern  portion  of  the  country. 

As  would  naturally  be  expected,  the  greater  number  of  articles 
obtained  from  the  graves  are  of  stone.  Perhaps  most  interesting 
among  these,  are  certain  tubes,  shown  in  figs.  8  to  10.  They  are  of 
a  light  drab  color,  except  where  stained  by  the  iron  oxide  already 
mentioned.  They  are  all  probably  of  stone  ;  some  seem  undoubt- 
edly of  this  material,  while  a  few  look  very  much  as  if  made  of 
baked  clay,  but  experienced  potters  to  whom  I  have  shown  them 
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Fig.  3. 


Fig.  4. 


Fig.  2. 


Fig.  I. 


Fig.  6. 


Fig.  7. 


Fig.  5. 


Figs.  1, 2, 3, 4.   Copper  Implements. 

Figs.  1  and  2  about  (  full  size;  3  and  4  about  }  full  size. 

Figs.  5,  (J,  7.   Shell  Beads  ;  full  size. 
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Fig.  11. 


Fig.  8a. 


Fig.  8». 


f^j  n  /i! 


Fig.  12. 


Fig.  10. 


Fig.  9. 


Fig.  8. 


TOBES  OF  Stone. 
Fig.  8, 1  pize;  9  and  10,  }  size. 

Figs.  8a,  and  8&,  represent  ilie  ends  offlg.  8,  of  about  ^  size. 
Fig.  11  represents  the  engraving  on  Fig.  10,  of  full  size. 
Fig.  12  represents  a  stone  ping  found  in  ilio  small  end  of  one  of  the  tubes. 
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pronounce  them  all  of  stone.  The  tubes  are  none  of  them  of 
uniform  size  throughout  their  length,  but  are  always  largest  at  one 
end,  and  often  both  ends  are  larger  than  the  middle.  There  aro 
three  somewhat  diverse  forms  found.  One  is  shown  in  fig.  8  ;  this, 
like  all  the  rest,  begins  to  contract  rapidly  at  the  end,  but,  after 
about  an  inch,  it  changes  and  enlarges  very  gradually  till  within 
about  two  inches  of  the  opposite  end,  when  it  ^gain  contracts, 
the  whole  shape  being  a  good  deal  like  that  of  an  ordinary  ball 
club.  The  length  of  the  tube,  shown  in  fig.  8,  is  13  inches ;  its 
greatest  diameter  is  1*35  inches.  Another  form  is  seen  in  fig. 
9,  in  which  the  greatest  diameter  is  at  one  end,  from  which 
the  tube  contracts,  at  first  rapidly,  but  soon  slowly  to  the  other 
end.  The  tubes  of  the  first-named  form  are  largest,  those  of  that 
just  described  smallest,  while  an  intermediate  form  and  size  is  that 
given  in  fig.  10.  In  these,  the  tube  contracts  rapidly  from  one  end 
for  an  inch  or  so  and  then  enlarges  gradually  to  the  opposite  end. 
Both  ends  of  the  tubes  are  cut  off  squarely.  All  are  perforated  in 
the  same  general  manner,  tlie  hole  running  directly  from  end  to 
end,  and  being  about  twice  as  large  at  one  end  as  at  the  other, 
e,  g.y  in  the  largest  tube  found,  that  shown  in  fig.  8,  the  bore  is 
'95  inch  in  diameter  at  one  end  and  *52  inch  at  the  other;  in 
fig.  10  it  is  -9  inch  at  one  end  and  '4  at  the  other,  and  so  on. 
The  larger  end  of  the  bore  seems  to  have  been  scraped  6ut,  after 
the  main  portion  of  the  hole  was  made,  by  some  thin  edged  instru- 
ment, as  the  circular  striae  which  are  very  numerous  elsewhere  are 
here  replaced  by  longitudinal.  This  larger  end  of  the  aperture  is 
always  nearly  as  large  as  the  tube,  only  a  thin  shell  of  the  material 
being  left,  while  at  the  opposite  end,  and  indeed  throughout  most 
of  the  length,  the  walls  are  thick  ;  the  relative  appearance  of  these 
is  shown  in  figs.  8a  and  8&,  reduced  one-half.  As  seen  in  fig.  8a, 
so  in  the  other  tubes,  the  smaller  end  of  the  bore  is  not  in  the 
middle  but  always  one  side  of  it.  ^  Tuto  this  smaller  end  of  the 
bore  was  Inserted  a  stone  plug,  like  fig.  12  ;  these  plugs  were  not 
all  carefully  made  and  did  not  often  entirely  fill  the  aperture ;  in 
one  or  two  cases  a  small  quartz  pebble  with  little  or  no  working 
was  used,  though  most  are  of  sandstone.  They  are  from  '75  inch 
long  and  -5  inch  in  diameter  to  not  more  than  *5  inch  long  and  *4 
inch  in  diameter  at  the  larger  end.  The  tubes  are  rarely  perfect 
cylinders,  but  are  more  or  less  oval  in  section. 
All  the  tubes  show  considerable  care  in  their  formation;  the 
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materials  differ  somewhat,  some  being  hard,  others  quite  soft, 
though  the  hardest  are  easily  scratched  by  a  knife,  and  all  appear 
to  be  made  of  a  sort  of  argillaceous  sandstone,  the  sand  predomi- 
nating in  the  harder  and  the  clay  in  the  softer.  The  surface  of 
most  is  very  smooth  and  shows  but  few  marks  of  the  tools  by 
which  the}'  were  wrought. 

One  of  the  tubes,  that  shown  in  fig.  10,  is  especially  interesting 
on  account  of  certain  markings  upon  it ;  these  are,  as  far  as  I  am 
aware,  the  only  marks  that  have  been  discovered  upon  any  article 
taken  from  the  graves.  They  are  near  one  end  of  the  tube  and  con- 
sist of  the  outline  drawing  of  some  bird,  below  which  are  three 
characters.  These  objects  are  engraved  or  rather  scratched  on 
the  tube  —  the  scratches  being  somewhat  irregular  and  neither  very 
deep  nor  wide,  and  some  are  very  fine  ;  tliey  are  shown  of  full  size 
in  fig.  11,  while  their  position  on  the  tube  is  shown  in  fig.  10, 
which  is  reduced  to  one-third  size.  The  bird,  which  somewhat 
resembles  more  recent  delineations  of  the  fish-hawk,  and  maj'  have 
been  intended  for  it,  is  1*4  inches  long  and  -65  inch  broad  across 
the  wings.  The  three  characters  below  the  bird  are,  as  may  be 
seen,  made  up  of  straight  lines  and  dots,  and  are  about  a  quarter 
of  an  inch  high  and  a  little  less  broad. 

In  the  notice  of  these  graves  before  mentioned,  Prof.  Perry  re- 
marks that  these  "curious  hieroglyphics  of  undoubted  antiquity" 
to  his  mind"  give  almost  unmistakable  evidence,  if  not  of  Asiatic 
origin,  at  least  of  a  people  closely  allied  in  their  sentiments  and 
habits  to  the  nations  of  the  East."  ''Reference  is  now  made  to 
tubes,  etc.,  etc.,  ornamented  with  hieroglyphics  of  a  moral  or  re- 
ligious character."  ''These  symbols  as  far  as  I  can  make  them 
out  are  closely  akin  to  those  employed  as  well  in  the  Eleusinian 
rites,  as  in  the  old  Cyribaic  mysteries  of  Samothrace."^  As  the 
only  hieroglyphics  that  have  been  found  in  the  Swanton  graves  are 
those  given  in  fig.  11,  the  reader  is  referred  to  that  and  can  use  his 
own  judgment  as  to  the  moral  or  religious  bearing  thereof.  I  can 
hardly  think  that  he  will  be  very  deeply  impressed  bj'  either,  and 
as  to  the  proof  of  Asiatic  origin  afforded  by  these  few  scratches, 
it  is  scarcely  conclusive  to  every  one. 

Those  who  are  seeking  constantly  to  find  evidences  of  Israelitic 
origin  in  the  former  inhabitants  of  this  country  may  indeed  be 
struck  by  the  resemblance  of  these  three  characters  to  Hebrew 

'Proceedings  Bost.  Soc.  Nat.  Ilifit,,  vol.  xli,  p.  220. 
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letters,  but  roost  of  us  will  hardly  be  willing  to  place  any  such 
value  upon  them.  That  they  are  curious  and  interesting,  we  are 
not  disposed  to  deny  ;  and  even  that  the  last  two  characters  might 
be  read  as  Hebrew  letter.-,  ratl.er  rudely  formed,  is  unquestionably 
true,  but  3^et  this  proves  very  little  because  it  proves  too  much, 
as  it  proves  too  advanced  a  civilization.  Had  we  evidence  in  the 
implements,  ornaments,  modes  of  burial  and  similar  records  that 
have  come  to  light,  of  any  such  civilization  as  would  admit  of  the 
use  of  a  written  language  by  the  mound-builders,  to  whom,  as 
already  stated,!  believe  these  people  to  have  belonged,  we  then 
might  seek  for  some  significant  meaning  in  these  characters,  but 
we  have  no  proof  that  anything  of  the  sort  existed.  It  must  not 
be  forgotten  that  the  possession  of  a  phonetic  alphabet  implies 
a  high  degree  of  culture  —  a  culture  and  a  civilization  that  have 
passed  far  beyond  pictorial  writing  and  reached  the  last  and 
highest  stage  in  the  development  of  language.  As  we  have  no 
reason  to  believe  that  the  mound-builders  had  reached  this  ad- 
vanced stage  and  as  we  have  abundant  reasons  to  convince  us 
that  they  had  not,  we  may  set  aside  all  idea  that  the  few  scat- 
tered symbols  that  so  resemble  phonetic  characters  have  anything 
in  common  with  such  characters,  beyond  the  mere  resemblance ; 
therefore  I  do  not  regard  those  characters  given  in  fig.  11  as 
anything  more  than  accidental  —  as  probably  having  no  more 
meaning  than  the  various  combinations  of  lines  which  a  child 
makes  on  its  first  slate.  I  have  written  more  at  length  upon  this 
point  than  perhaps  the  case  demanded,  but,  as  quite  a  number  of 
persons  to  whom  I  have  shown  my  drawings,  who  were  not  experi- 
enced in  archseological  matters,  have  appeared  deeply  impressed 
by  the  resemblance  of  these  characters  to  those  of  oriental  alpha- 
bets, as  Prof.  Ferry  evidently  was,  I  have  thought  that  some  dis- 
cussion of  the  question  would  not  be  useless.  Few  indeed  are  thej'^ 
who  will  see  in  them  anything  suggestive  of  the  mysterious  relig- 
ious ceremonies  of  Saniothrace,  or  the  worship  of  Ceres  at  Kleusis. 
One,  and  only  one,  of  the  tubes  shows  any  signs  of  having  been 
near  the  fire  ;  but  this  one,  which  is  in  the  stale  collection  of  Mont- 
pelicr,  is  blackened  and  badly  cracked  as  if  for  some  length  of 
time  exposed  to  severe  bent.  In  all,  about  a  dozen  of  these  tubes 
have  been  found  in  the  graves  at  Swauton,  while  so  far  as  I  can 
learn,  nothing  of  the  sort  has  ever  been  found  elsewhere  in  the 
state.     The  largest  is  thirteen  inches  long  aud  holds  a  little  more 
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than  a  fifth  of  a  pint.     Measurements  of  others  giving  extreme  as 
well  as  intermediate  sizes  are  given  below. 


\ 

No.  1. 
Fig.  9. 

No.  2. 

No.  3. 
Pig.  10. 

No.  4. 

No.  5. 

rig.  8. 

Length 

Inches. 
7.1 
1.35 
1. 

.45 

.8 

Indies. 
8. 

1.35 
1. 

.45 

.8 

Incites. 
9.6 
1.2- 
1.15 

.4 

.9 

Inches . 

10. 

1.3 

1.1 

.6 

.8 

Inches. 

13. 

1.35 

1.2 

.62 

.95 

Diameter  of  ends  marked  a  in  fig. 

U                      ((                 (1           ^                u 

"         of  bore  In  end  a         « 
«              it          If       2)          '* 

I  do  not  find  that  tubes  very  nearly  resembling  these  have  been 
found  anywhere  else,  though  a  few  that  have  a  general  similarity 
have  beenjtaken  from  western  mounds. 

Schoolcraft,  in  plates  32  and  33  of  the  first  part  of  his  exten- 
sive work  on  Indian  tribes  of  the  United  States,  figures  several 
that  he  says  were  made  of  steatite.  These  seem  to  be  of  a  reg- 
ular, cylindrical  form.  He  also  figures  several  formed  of  bone 
from  Canada,  but  these  bear  very  little  resemblance  to  our  Swan- 
ton  tubes. 

Squier  also  in  vol.  i  of  the  "Smithsonian  Contributions,"  pp. 
224-227,  figs.  122-125,  describes  and  figures  six  tubes,  all  different 
from  each  otiier,  and  from  our  Swanton  specimens.  These  are  all 
from  the  Mississippi  valley.  In  size  they  agree  pretty  well  with 
the  Vermont  tubes  and  it  is  quite  likely  that  their  uses  may  have 
been  the  same,  but  what  those  uses  were  it  is  not  easy  to  decide. 
Some  have  regarded  them  as  musical  instruments,  but  it  is  not  by 
any  means  plain  how  they  could  have  served  such  a  purpose. 
Squier  remarks  in  regard  to  the  tubes  he  had  seen,  "that  the  skill 
of  the  present  succeeds  in  producing  very  indifferent  music  from 
them.  Either  the  art  of  playing  upon  them  has  sadly  deteriorated, 
or  the  musical  taste  of  the  makers  was  not  regulated  by  existing 
standards**  (S.  I.  Contr.,  vol.  i,  p.  226).  To  the  tubes  we  have 
described,  these  remarks  apply  with  double  force,  when  we  con- 
sider that  all  of  them  were  stopped  at  one  end.  It  is  possible 
that,  connected  with  some  parts  now  lost,  these  tubes  may  have 
served  as  musical  instruments,  and  then  a  savage  yell  sent  through 
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one  of  tbem  may  have  been  sweeter  to  savage  ears  than  the  music 
of  our  finest  instruments. 

Mr.  Schoolcraft's  notion,  that  the  tubes  he  studied  might  have 
been  used  as  telescopes,  would  hardly  do  for  the  Swanton  tubes, 
for  the  quartz  or  sandstone  plugs  could  scarcely  have  taken  the 
place  of  lenses.  Others  have  supposed  that  they  might  have 
served  as  tubes  for  smoking,  but  no  evidence  of  such  use  remains. 
Most,  if  not  all,  of  those  in  the  west  are  of  ornamental  stone, 
while  the  lack  of  ornament,  either  in  material  or  form,  in  the 
Swanton  tubes  seems  to  indicate  that  they  were  for  use  rather 
than  for  ornament.  A  small  piece  of  an  oval  dish  of  the  same, 
or  similar,  material  as  that  of  the  softer  tubes  was  found  with 
them,  and  other  dishes,  very  nicely  made,  have  been  found  in  dif- 
ferent parts  of  the  town,  which  not  improbably  were  made  by  the 
same  persons  as  those  who  formed  implements  taken  from  the 
graves,  as  the  skill  shown  in  their  manufacture  indicates  a  greater 
proficiency  in  such  arts  than  any  shown  by  the  Algonqifins. 

Quite  a  number  of  flat  plates  of  stone  occurred  in  the  graves, 
which  may  be  arranged  in  a  series,  from  those  quite  rudely  fin- 
ished to  such  as  are  very  carefully  formed  and  smoothed ;  those 
which  are  most  'carefully  finished  are  of  hardest  and  most  com- 
pact stone.  Perhaps  the  simplest  is  of  diamond  shape,  the  sides 
being  slightly  unequal.  It  is  not  entirely  fiat  but  somewhat  undu- 
lating over  its  surfaces,  as  they  are  left  just  as  the  cleavage  of 
the  stone  formed  them.  The  material  is  of  greenish-gray  mica 
schist  with  transverse  dark  veins.  It  is  3'5  inches  long,  2*3  inches 
broad  and  about  '48  inch  thick.  It  is  in  the  state  collection.  In 
Mr.  Dean's  collection  is  another  plate  of  rectangular  form,  larger 
and  rather  more  finely  finished  than  the  preceding,  the  longer  sides 
are  nearly  parallel  though  not  quite  straight ;  its  upper  end  is 
straight  while  the  lower  is  regularly,  though  not  strongly,  curved. 
The  surfaces  are  smooth,  one  is  flat,  the  other  somewhat  irregularly 
bevelled  in  several  directions.  It  is  composed  of  a  dark  greenish 
slate,  obliquely  veined  with  a  darker  shade  so  that  it  is  quite  attrac- 
tive in  its  appearance.  Its  length  is  4-15  inches,  breadth  1*9  inches, 
and  average  thickness  about  '4  inch,  but  this  is  very  variable. 
In  the  state  collection  is  a  yet  more  nicely  finished  plate  of  com- 
pact, purple  slate,  like  that  first  described  ;  it  is  rectangular,  the 
surfaces  smooth,  flat  and  sloping  gradually  towards  the  edges,  so 
that  these  are  thinner  than  the  general  surface.     The  corners  are 
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slightly  rounded  and  the  sides  not  pciTectly  straight.  It  is  4-35 
inches  long,  2*2  inches  broad  and  from  '1  to  '2  inch  thick.  It  is 
not  certain,  I  think,  whether  these  plates  had  in  themselves  a  defi- 
nite use,  such  as  to  smooth  skins  or  rub  seams  sewed  in  them,  or 
some  other  such  domestic  use,  or  were  simply  unfinished  articles 
like  those  about  to  be  described.  The  least  carefully  wrought  of 
these  is  much  more  regular  and  better  finished  than  any  of  the 
simple  plates.  All  of  this  second  class  are  perforated  with  two 
boles.  In  one  of  them  the  form  is  rectangular,  with  one  surface 
flat,  the  other  convex.  It  is  made  of  dark  veined  slate,  much  like 
that  of  which  one  of  those  just  described  was  made.  The  sides 
are  straight  and  the  edges  sharp  and  clearly  cut ;  one  end  is  a 
little  narrower  than  the  other,  as  is  often  the  case  with  the  rectan- 
gular plates.  It  is  4*25  inches  long  and  at  the  broadest  end  1*35 
inches  wide,  average  thickness  '25  inch.  This  is  in  the  state  col-  ^ '  /r, 
lection. 

Another  in  Dr.  Hall's  collection  is  quite  as  nicely  made.  The 
sides  are  not  exactly  parallel,  as  one  end  is  broader  than  the  other ; 
all  its  outlines  are,  however,  very  straight  and  sharply  cut.  Its 
form  is  rectangular,  the  length  being  3'75  inches,  breadth  2*1  inches 
at  one  end  and  1-85  inches  at  the  other;  thickness,  which  is  quite 
uniform,  except  just  at  the  ends,  which  are  somewhat  thinner, 
*25  inch.  It  is  made  of  a  fine,  compact,  dark  purple  slate  very 
much  like  that  of  which  one  of  the  imperforate  plates  was  made. 
The  holes  are  bevelled  from  each  side  though  not  equally.  By 
far  the  finest  of  these  two  hole  stones  is  one  in  Mr.  Dean's  col- 
lection ;  it  is  of  oval  form  with  the  ends  cut  squarely  off,  and  is 
wrought  with  admirable  skill,  the  curvature  of  the  sides  being 
very  regular  and  that  of  both  exactly  tjie  same ;  the  ends  are 
straight  and  true  and  the  flat  sides  regularly  convex.  This  reg- 
ularity is  more  remarkable  as  the  plate  is  not  flat,  but  twisted 
slightly,  so  that  its  surfaces  are  spiral,  only  slightly  indeed,  but 
yet  very  distinctly.  It  is  formed  of  a  very  hard,  compact  clay- 
ironstone  and  the  twist  just  mentioned  may  be  due  to  the  cleav- 
age of  the  mass  from  which  the  plate  was  struck  off,  but  even  if 
this  were  the  case  it  would,  apparently,  have  been  easier  to  have 
rubbed  the  plate  fiat  than  to  have  followed  the  spiral  cleavage, 
and  it  is  not  at  all  impossible  that  the  twist  was  intentional  on 
the  part  of  the  workman.  Its  regularity  on  each  side  would  indi- 
cate this,  for  the  stone  is  not  one  that  would  have  been  found  in 
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thin  layers  and  this  plate  must  have  been  split  from  a  mass  of 
irregular  cleavage,  so  that  its  form  is  by  no  means  certainly  due 
to  this.  The  color  of  the  stone  is  of  a  dark  reddish-brown  and 
the  surface  appears  to  have  been  originally  coated  with  some 
black  pigment,  patches  of  which  still  remain,  forming  spots  of 
smooth,  glossy  enamel.  It  is  8-5  inches  long,  '5  inch  thick  near 
the  middle,  '2  inch  thick  at  the  ends  and  2*5  inches  broad  in  the 
middle.  The  holes  are  bevelled  from  one  side  only  and  are 
nearly'  twice  as  large  on  that  side  as  on  the  other,  being  where 
largest  '45  inch  across. 

A  large  number  of  perforated  plates  of  stone  have  been  found 
in  the  mounds  of  the  west  and  considerable  discussion  has  arisen 
concerning  them.  Schoolcraft  figures  two  which  he  regards  as  in- 
struments for  twisting  sinews  or  bark  into  twine,  but,  as  Squier 
remarks,  had  this  been  their  use  we  should  expect  to  find  the  holes 
worn  by  the  friction  of  the  twine,  whereas  no  traces  of  wear  are 
usually  visible,  the  striae  caused  by  the  drill  being  as  distinct  as 
ever.  Squier  says  .that  he  has  examined  a  hundred  of  different 
sorts,  and  in  all,  the  absence  of  all  marks  of  use  was  noticeable ; 
he  also  notices  in  his  '^  Memoir  on  Mounds  of  Mississippi  Val- 
ley," that  in  quite  a  number  of  stones  the  holes  were  almost 
exactly  four-fifths  of  an  inch  distant  from  each  other,  and  on 
measuring  those  that  I  have  seen  from  Swanton,  I  find  that  in  one 
case  the  holes  are  almost  exactly  four-fifths  of  an  inch  apart  and 
in  the  other  two  they  vary  but  slightly  from  that  distance,  though, 
as  the  holes  are  not  exactly  perpendicular  to  the  plane  of  the  stone 
in  all  cases,  it  makes  a  little  difference  on  which  side  the  measure- 
ment is  made.  This  coincidence  is  remarkable,  as  the  stones  de- 
scribed by  Squier  were  from  the  west,  none  being  from  farther  east 
than  Ohio.  This  would  indicate  that  the  makers  of  these  objects 
were  particular  as  to  the  distance  of  the  holes  and  that  the  law 
they  followed  was  widely  known,  and  this  is  the  more  interesting 
on  account  of  the  great  diversity  in  the  form  of  the  stones.  All 
are  thin  and  flat,  but  scarcely  an}'  two  of  them  agree  in  outline  or 
size,  though  not  always  differing  very  widely. 

Adair  mentions  a  custom  existing  among  some  tribes  of  having 
high  religious  dignitaries  wear  a  plate  of  shell  pierced  with  two 
holes  by  which  it  hung  to  an  otter-skin  strap.  From  this  it 
would  seem  not  improbable  that  these  stones  were  used  as  a  part 
of  the   religious  paraphernalia  of  the   ancient  people  to  whom 
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they  belonged,  and  the  absence  of  marks  of  wear  would  seem  to 
indicate  that  they  were  worn,  not  constantly,  but  only  upon  special 
occasions. 

A  rather  rude,  but  quite  unique  article  is  in  the  state  collection. 
Its  general  form  is  that  of  a  long,  narrow  trapezoid.  The  ends 
are  rounded  and  of  somewhat  unequal  breadth.  It  is  made  of  dark 
gray  mica-schist,  thickly,  studded  with  small  garnets.  On  one 
side  it  is  fiat  and  smooth,  while  on  the  other  it  is  flat  along  the 
central  portion,  and  from  this  the  surface  is  strongly  bevelled  to 
the  edges,  which  are  rather  thin.  The  naiTower  end  is  thicker 
than  the  other.  The  length  of  the  article  is  5*5  inches,  breadth  at 
one  end  1*3  inches,  at  the  other  1*85  inches,  the  thickness  is,  in 
the  centre,  from  -5  inch  to  *75  inch.  As  to  its  use  I  am  unable  to 
conjecture  unless  for  rubbing  flesh  and  fat  from  skins,  or  rubbing 
sinews  or  bark  for  twine. 

Three  articles  of  somewhat  similar  form  and  apparently  for  the 
same  use  were  found  in  different  graves.  The  general  form  of 
these  is  boat-like,  one  side  being  flat  or  nearly  so,  while  the  oppo- 
site is  convex.  One  of  these  is  of  a  dark  red  slate,  the  base  (or 
top?)  is  flat,  but  curved  slightly  from  end  to  end,  while  the  opposite 
side  is  bevelled  from  the  middle  where  it  is  thickest  to  the  sides  \'^' 

and  ends.     In  the  centre  of  the  flat  side  is  a  slight  groove  running  ^  \^ 

nearly  from  end  to  end.  On  each  side  of  the  central  portion 
of  the  object  is  a  hole  drilled  obliquely  from  side  to  side  and 
bevelled  from  each  end.  It  is  pretty  well  made  but  less  carefully 
than  either  of  the  others.  It  is  5*3  inches  long ;  *65  inch  high  ;  *8 
inch  broad,  and  the  holes  are  21  inches  distant  from  each  other. 
Of  similar  material,  but  of  different  color,  is  the  second  of  these 
objects.  It  is  larger  and  much  more  flnely  finished  than  the 
preceding.  It  is  of  drab  slate  with  black  veins,  though  much 
of  it  is  so  colored  by  the  red  coloring  matter  already  mentioned 
as  to  appear  reddish-brown ;  its  surface  is  very  smooth  and  its 
form  regular.  The  base,  or  flat  side,  is  rectangular,  long  and 
narrow,  nearly  flat,  with  but  a  slightly  excavated  groove  running 
from  near  one  end  to  a  short  distance  beyond  the  middle.  The 
upper  surface  slopes  from  the  rounded  apex  to  the  sides  and  ends, 
the  side  surfaces  being  slightly  convex  while  the  others  are  flat. 
Its  length  is  7*25  inches ;  breadth  in  the  middle  1  inch,  at  one  end 
'85  inch,  at  the  other  .65  inch  ;  height  -75  inch  in  the  middle  and 
*15  inch  at  the  ends.    The  holes.are  bevelled  from  the  flat  side  and 
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taper  very  regularly.  The  third  of  these  singular  objects  is  equally 
veil  wrought ;  it  apparently  served  the  same  use,  though  differing 
in  form  from  the  other  two,  being  much  shorter  and  higher  in  out- 
line and  tlie  slight  groove  in  the  others  is  here  represented  by  a 
very  deep  cavity.  It  is  of  a  delicate  green  steatite,  of  very  regular 
form  and  the  surface  smooth  ;  tins  is,  however,  in  some  places  de- 
composed and  so  roughened,  the  ends  are  both  broken  and,  it  is 
probable,  originally  tapered  to  more  or  less  sharp  points.  The 
sides  are  regularly  and  quite  strongly  convex,  while  the  surfaces 
that  go  from  the  apex  to  the  ends  are  nearly  flat.  The  base  is 
slightly  concave  over  its  entire  surface,  and,  as  already  mentioned, 
the  centre  is  deeply  excavated.  This  excavation,  which  is  of  sim- 
ilar form  as  the  outside  of  the  object,  is  2*25  inches  long,  '95  inch 
broad  in  the  middle  and  '8  inch  deep  in  the  deepest  part.  From 
this  deepest  portion  the  holes  are  drilled  through  to  the  other  side, 
tapering  as  they  go  upwards  from  *4  inch  to  *25  inch  in  diameter. 
From  patches  here  and  there  of  polished  surface  it  would  seem  that 
the  entire  surface  was  originally  well  polished,  but  the  material 
was  not  suflftciently  compact  to  resist  exposure.  On  one  side  of 
the  apex  is  what  appears  to  be  the  beginning  of  a  third  hole.  The 
holes  that  extend  through  the  stone  are  1*1  inch  distant  from  each 
other  on  the  upper  side. 

Two  carvings,  which  ma}'  be  regarded  as  representations  of 
animals,  have  been  taken  from  the  graves ;  one  of  these,  shown 
of  full  size  in  fig.  13,  is  of  dark  red  slate,  hard  and  compact. 
The  surface  is  very  smooth  and  the  curves  finely  formed.  The  base, 
as  shown  in  fig.  Ida,  is  flat,  oval  and  pretty  regularly  cut;  it  is 
3-7  inches  long  and  Tl  inches  broad.  Through  the  base  are  bored 
two  holes,  one  at  each  end ;  these  taper  from  below  upward,  from 
•4  inch  to  -2  in  diameter.  Continuous  with  the  upper  side  of  the 
base  are  the  neck  and  head  directed  strongly  forward  ;  the  head  is 
somewhat  bird-like  in  appearance,  the  eyes  are  large  and  very 
prominent,  as  shown  in  fig.  136,  which  represents  the  object  viewed 
obliquely,  being  -3  inch  in  diameter  at  the  end  and  projecting  -2 
inch  bej'ond  the  side  of  the  head,  which  is  straight  below,  arched 
strongly  above  and  quite  thin,  with  the  end  of  the  beak  blunt 
and  rounded  ;  the  height  of  the  figure,  from  the  base  to  the  top  of 
the  bead,  is  2-2  inches  ;  length  along  back,  4-5  inches  ;  length  of 
head  1*4  inch,  height  1  inch  and  thickness  *4  inch.  This  head  was 
louud  with  the  second  of  the  long  boat-like  objects  described  above. 
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Fig,  13*. 


Fig.  13. 


Fig.  13a. 


Carving  op  Dark  Red-slate. 
Fig.  18,  profile;  13a,  base;  full  size. 
Fig.  l$b,  viewed  obliquely  from  above;  about  &  size. 
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Another  of  these  interesting  carvings,  is  in  the  state  collection. 
This  is  of  pure  white  marble,  finely  carved  and  smoothed,  and 
probably  it  was  originally  polished  as  there  is  still  a  slight  polish 
on  some  portions.  Its  soft  material  has  suffered  more  from  expos- 
ure than  the  harder  rock  of  which  the  other  head  is  composed,  yet 
it  is  in  very  good  preservation.  The  upper  two-thirds  are  colored 
a  deep  reddish-brown  while  the  lower  portion  is  stained  bright 
green  ;  this  latter  color  is  probably  due  to  contact  with  the  copper 
in  the  graves,  but  the  red  color  seems  to  have  been  applied  inten- 
tionally. As  in  the  head  just  described,  so  in  this  the  eyes  are  large 
and  prominent,  about  '3  inch  in  diameter  at  the  top  and  *17  inch 
high  above  the  sides  of  the  head.  The  general  outlines  of  this 
second  head  are  more  angular  than  those  of  the  preceding,  it 
is  broader  at  the  base  and  the  neck  is  not  so  long  nor  so  oblique ; 
the  end  of  the  nose  is,  in  this,  cut  off  squarel}'  instead  of  being 
rounded  as  in  fig.  13,  and  the  sides  of  the  helid  are  nearly  straight 
above  and  below,  while  the  base  is  extended  somewhat  bej'ond  the 
rest  of  the  figure.  The  neck  is  thicker  and  less  regular  than  that 
in  fig.  13,  and  on  one  side  are  carved  grooves  which  seem  as  if 
designed  to  represent  a  crest  or  mane.  The  base  is  oval,  but  much 
more  convex  on  one  side  than  on  the  other  and  it  is  wider  in  pro- 
portion to  the  length  than  that  of  the  preceding  ;  is  not  perforated 
as  is  the  other,  and  its  edge  is  quite  undulating.  The  height  of  the 
image  is  265  inches;  length  of  head  1*5  inches;  height  of  head 
•95  inch ;  height  at  end  of  nose  -4  inch ;  length  of  base  3-15  inch- 
es ;  breadth  of  base  1*3  inches  inches  in  the  middle  ;  breadth  of  neck 
near  the  base  2  inches  ;  with  this  was  found  the  steatite  boat-like 
object  described  above. 

A  single  example  of  the  discoidal  stones  which  are  sometimes 
found  in  the  west  has  been  found  at  Swanton  and  is  now  in  the  state 
collection.  Its  form  is  beautifully  regular  and  its  surface  very 
nicely  finished.  The  flat  sides  of  the  disk  are  hollowed  so  as  to  form 
shallow  cup  like  depressions  while  the  edge  rounds  outwards  above 
and  below,  but  is  flat  around  the  middle  of  the  disk.  The  material 
of  which  this  discoid  stone  is  made  is  a  compact  white  quartz,  but 
it  is  coated  over  the  outside  with  dark  coloring  matter,  by  which 
its  appearance  is  changed.  Its  diameter  is  very  nearly  three 
inches,  thickness  at  the  edge  1'15  inches ;  cii'cumference  9*5  inches. 
The  excavated  portion  does  not  extend  to  the  extreme  edge  of  the 
stone,  but  falls  so  far  short  as  to  leave  a  narrow  rim  around  the 
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edge.  This  rim  is  rounded  very  nicely.  The  diameter  of  the  de- 
pressed portion  is  precisely  the  same  on  each  side,  viz. :  2-3  inches, 
but  the  depth  is  *2  inch  on  one  side  and  '15  inch  on  the  other. 
Squier  figures  several  of  these  discoid  stones,  one  of  which  (fig.  121, 
No.  2)  is  much  like  that  just  described.  In  Foster's  ''Prehistoric 
Races  of  U.  8.,"  fig.  26  (page  218)  is  ranch  like  this  but  is  perfor- 
ated through  the  centre.  Squier  says  that  tliey  have  been  found 
from  the  valley  of  the  Ohio  River,  through  Central  America  to  Peru 
and  Chili,  and  that  they  have  also  been  found  in  Denmark.  Old 
writers,  such  as  Adair,  mention  them  as  in  use  for  playing  certain 
games  at  the  time  they  visited  the  Indians.  The  writer  just  named 
says  that  they  were  "made  by  rubbing  them  on  rocks  with  prodi- 
gious labor,"  and  that  they  belonged  not  to  individuals  but  to  the 
tribe,  were  "kei)t  with  religious  care*'  and  handed  from  genera- 
tion to  generation  ;  and  were,  by  law,  exempted  from  the  burial 
with  the  dead  so  commonly  practised  with  other  implements.  This 
being  the  case,  we  may  suppose  that  the  presence  of  one  in  a 
grave  is  indicative  of  high  rank  or  distinguished  service  on  tbe 
part  of  the  person  with  whose  remains  it  was  deposited. 

Arrow  and  spearheads  and  stone  axes  are  more  abundant  than 
other  implements  in  most  collections  of  stone  objects,  but  this  is 
not  so  much  the  case  with  the  S wanton  collections  as  usuaL 
Quite  a  number  of  these  articles  have  indeed  been  taken  from  the 
graves,  but  they  do  not  much  outnumber  other  kinds  of  imple- 
ments. Arrowpoints  are  abundantly  found  on  or  near  the  surface 
all  about  the  town,  but  the  graves  have  not  afforded  a  large  num- 
ber. It  is  quite  possible  that  many  of  those  found  away  from  the 
graves  were  formed  by  the  same  people  as  those  in  the  graves. 
The  axes  are  still  less  numerous  for  I  have  seen  but  five  in  all. 
Two  of  these  bore  slight  notches  on  each  side  for  the  attachment 
of  a  handle  while  the  rest  were  of  the  sort  known  as  hand  axes ; 
all  are  quite  small  and  well  formed,  though  some  are  much  more 
neatly  finished  than  others.  In  none  was  there  any  sign  of  a 
groove  extending  around,  or  on  the  sides,  but  only  the  notches, 
and  these  not  very  deep,  on  the  front  and  rear  edges,  so  that  all 
may  have  been  easily  held  in  the  hand.  The  three  without  notches 
are  of  the  same  general  form,  the  lower  side,  or  edge,  rounded  . 
more  or  less,  the  upper  straight  and  thick  and  the  sides  straight 
and  inclining  towards  each  other  as  they  approach  the  top.  The 
form  of  these  is,  in  general,  the  same  as  those  figured  on  page 
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210  of  Dr.  Fosters'a  work  already  mentioned,  or  figs.  110,  page 
217,  and  112,  Nos.  3  and  4,  p.  218,  of  Squier's  '^Ancient  Monu- 
ments of  Mississippi  Valle}'"  (Smithsonian  Contributions).  One 
of  those  from  Swanton  is  quite  like  Squier's  fig.  112,  No.  4,  both 
in  form  and  material,  and  also  like  a  figure  in  Lubbock's  'Trehis- 
torie  Times,"  fig.  164,  p.  188,  of  an  axe  from  Switzerland.  The 
specimen  from  Swanton  is  3*65  inches  long,  175  inches  across  the 
edge,  1  inch  across  the  top,  and  in  greatest  thickness  *75  inch. 
It  is  most  neatly  finished  of  all.  The  other  two  straight-sided 
axes  are  less  regular,  the  sides  are  more  nearly  parallel  and  they 
are  of  larger  size,  one  of  them,  which  is  of  trap  rock,  being  larger 
than  any  other  found  in  the  graves;  this  is  5-75  inches  long;  2*2 
inches  broad  at  the  edge  and  *55  inch  thick  near  the  middle.  The 
other  is  of  smaller  size,  being  4' 7  inches  long  and  2*4  inches  across 
the  edge.  It  is  of  dark  colored  mica-schist.  The  two  remaining 
axes,  those  with  notched  sides,  are  both  carefully  made.  The 
smaller  of  the  two  is  of  trap  ;  the  edge  is  unusually  sharp  and  well 
shaped  and,  suitably  attached  to  a  handle,  it  would  be  regarded, 
even  now,  as  a  by  no  means  useless  article.  It  is  42  inches  long, 
2*65  inches  across  the  edge,  1*23  inches  in  greatest  thickiess. 
The  other  is  nearly  as  well  formed  and  finished.  It  is  made  of 
a  compact  purple  sandstone  and  it  is  a  little  more  than  ^ve  inchss 
long  and  2-5  inches  across  the  edge. 

The  arrow  and  spearpoints  from  the  Swanton  graves  differ 
somewhat  from  any  others  that  1  have  seen,  with  the  exception  of 
one  or  two.  They  are  thinner  than  most  of  those  from  other 
localities  and  are  nearly  all  very  regular  in  form  and  handsomely 
finished.  The  most  common  forms  are  tlie  '* triangular"  and  a 
form  which  approaches  the  "leaf-shaped,"  as  nearly  as  an}'  of  the 
forms  under  which  these  articles  are  grouped,  and  the  "indented." 
One  quite  common  form  is  nearl}'  straight  across  the  base,  which 
is  thin,  the  sides  curve  regularly  and  gradually  towards  the  point, 
the  base  being  a  little  narrower  than  near  the  middle.  These  are 
not  exactly  like  any  that  I  have  seen  from  other  localities.  The 
edges  are  very  sharp  and  the  flakes  chipped  off  in  the  manufacture 
of  the  article  were  small,  so  that  the  surface  is  quite  smooth.  They 
are  made  of  a  dark  flint  and  are  of  different  sizes,  from  1  inch 
to  2-5  inches  long  and  from  -75  inch  to  1*25  inches  broad.  A 
peculiar  bluish- white,  semi-transparent  quartz  was  used  in  the 
manufacture  of  quite  a  number  of  this  class  of  implements.     One 
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of  these  is  much  like  fig.  103,  No.  5,  p.  212  of  Sqnier's  Memoir 
and  another  like  No.  9  of  tlie  same  figure,  though  broader  at  the 
base  and  indented.    Each  of  these  is  about  225  inclies  long.     Two 
very  long  objects  for  lances,  or  knives  it  may  be,  are  of  the  same 
material.     One  of  these  is  much   like  No.  3,  fig.  99,  p.  211  of 
Squier's  Memoir.     It  is  7-25  inches  long,  1*8  inches  broad  in  the 
middle  and  -6  inch  iu  average   thickness.     It  is  rather   bluntly 
pointed  at  each  end.    The  other  is  pointed  at  only  one  end  and  there 
only  very  bhintly.     It  is  9  65  inches  long,  1*9  inches  broad  and  in 
some  places  nearly  one  inch  in  tliickness.    As  ma}'  be  noticed  tiiese 
last-mentioned  flints  are  exceptions  to  the  general  rule  tliat  the 
Swanton  spear  and  arrowpoints  are  very  light  and  thin.     Another 
object,  which  may  .have  been  used  as  a  lance,  or  for  some  other 
and  quite  different  purpose,  is  of  a  similar  material.     Its  form  is 
quite  regularly  oval,  pointed  at  each  end.     It  is  5*8  inches  long 
and  three  inches  broad  in  the  middle  and  is  quite  thin  and  flat  over 
its  sides.     Several  other  large  spear  or  lanceheads  of  good  quality, 
some  very  finely  finished,  are  in  the  various  collections  from  the 
graves  we  have   been  considering.      These  are  mostly  of  dark, 
greenish  flint  and  are  from  four  to  six  inches  in  length.     Only  two 
among  all  that  I  have  seen  from  this  locality  are  barbed.     One  of 
these  probably  had  a  stem  when  first  made,  but  is  now  broken  ofl". 
Its  form  is  broadly  triangular,  the  edges  sharp,  as  is  the  point,  and 
the  short  barbs  are  directed  outwards.     It  is  of  olive-green  flint 
1*4  inches  long  and  1-25  inches  broad.     The  other  barbed  speci- 
men appears  to  liave  been  made  for  a  knife,  as  it  is  very  inequilat- 
eral, one  side  being  nearly  straight  and  ending  below  in  a  short 
barb,  while  the  opposite  is  strongly  curved.     There  is  evidence  in 
this,  as  in  the  preceding,  of  a  stem.     The  point  Is  very  sharp  and 
the  whole  very  finely  made.     It  is  of  dark  green  flint  and  is  little  * 
more  than  two  inches  long  and  one  inch  broad  at  the  broadest 
part.      One  of  the  arrowheads  is  of  the  form  called   by  Foster 
"  lozenge- shaped." 

So  far  as  I  know,  these  forms  include  all  of  this  class  of  imple- 
ments that  have  been  found.  Of  course  all  the  articles  found  in 
the  graves  are  not  herein  described,  but  all  that  are  in  any  way 
typical  that  have  come  to  my  notice  are  mentioned  as  that  a  toler- 
ably complete  exhibit  of  the  contents  of  the  graves  is  here  af- 
forded. My  views  as  to  the  people  who  placed  the  bodies  and 
implements  in  the  graves  have  already  been  given. 
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It  is  not  impossible  tliat  more  graves  will  be  hereafter  discov- 
ered and  their  contents  studied,  as  the  locality  is  probably  not  ex- 
hausted, but  at  present  further  examinations  cannot  be  carried  on 
and  we  can  have  no  further  evidence  in  regard  to  the  character  of 
this  ancient  people  than  that  afforded  by  the  objects  I  have  at- 
tempted to  describe.  I  may  add  that  since  the  foregoing  pages 
were  in  type,  a  fragment  of  a  tube  identical  in  form  and  material 
with  those  described  has  been  found  near  Burlington,  and  with  it 
quite  a  number  of  arrow  and  spearpoints  of  the  same  peculiar 
bluish  quartz,  of  which  most  of  this  class  of  articles  from  the 
graves  were  made. 


Thb  Devonian  Limestones  in  Ohio.  By  N.  H.  Winchell,  of 
St.  Anthony,  Minnesota. 

In  Delaware  county,  in  central  Ohio,  the  valleys  of  the  Scioto 
and  Olentangy  rivers  are  excavated  mainly  in  the  Devonian.  The 
latter  begins  in  the  black  slate  and  the  former  in  the  water  lime. 
Thus  a  connected  section  of  the  Devonian  limestones  may  be 
made  out  along  their  banks  in  the  area  of  a  single  county. 

In  the  summer  of  1872  the  writer  examined  this  county  with 
others,  for  the  Geological  Survey  of  Ohio,  and  found  these  lime- 
stones to  consist  of  the  following  parts : 

1.  A  hard,  fine-grained  siliceous  limestone,  in  beds  generally  of 
eight  lo  twelve  inches,  non-fossil iferous  or  nearly  so ;  of  a  blue  or 
black-blue  color  and  apt  to  hold  much  pyrites.  Thickness  four  to 
nine  feet. 

2.  A  blue  and  argillaceous  limestone  in  beds  usually  not  exceed- 
ing six  inches,  but  sometimes  reaching  fifteen.  This  is  the  princi- 
pal building  stone  of  Delaware  and  Erie  counties  and  is  extensively 
wrought  at  Sandusky  and  Delaware.  The  calcareous  beds  are  hard 
and  crystalline,  but  are  apt  to  be  interstratified  with  thin  shaly 
laminations,  injuring  their  durability.  It  is  quite  fossiliferous, 
holding  generally  at  every  quarry  Spirifer  mucronatusj  Cyrtis 
Hamiltonenaia  and  Cyrtoceras  undulatum.    It  also  holds  at  Dela- 
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ware  a  species  of  Discina  and  at  Sandusky  a  TentaculUes,  It  con- 
tains numerous  fish  remains  that  have  been  extensively  studied  by 
Dr.  Newberry.     Its  thickness  is  thirty-five  to  forty  feet. 

3.  A  saccharoidal  or  often  a  crinoidal  limestone,  in  beds  that 
weather  out  three  to  five  inches  thick,  but  in  deep  quarrying  appear 
a  foot  or  two  thick.  This  is  of  a  light  color  and  differs  constantly 
in  that  respect  from  the  last.  It  is  rarely  used  for  any  purpose 
except  for  quicklime.  Its  most  common  fossils  are  brachiopods, 
the  most  conspicuous  of  which  are  species  of  Strophomena,  It 
also  holds  one  or  two  specieaf  of  Cj'athophylloids.  Cyrtoceras  W7i- 
dulatum  is  also  common. 

The  lower  ten  feet  of  the  limestone  are  sometimes  quite  bitumi- 
nous, especially  when  charged  with  corals,  as  they  not  unfrequently 
are.  In  the  central  part  of  the  county  of  Delaware  this  belt  is 
chiefly  fossiliferous  in  the  lower  three  or  four  feet,  the  remainder 
being  rather  hard  but  of  a  blue  color.  The  southern  part  of  the 
same  county,  however,  seems  to  be  without  this  bluish  and  highly 
coralline  member,  the  Delhi  beds  coming  immediately  down  on  to 
No.  4.  This  bituminous  matter  is  sometimes  in  the  form  of  scales 
and  films  or  irregular  patches  or  pockets,  or  it  is  disseminated  evenly 
through  the  bedding,  mingling  closely  with  the  sedimentation.  In 
the  former  case  the  corals  are  well  preserved.  In  the  latter  very 
few  fossils  are  to  be  seen,  the  color  of  the  stone  becoming  bluish. 
The  thickness  of  the  Delhi  beds,  including  this  coralline  member, 
is  thirty-eight  feet.  The  corals  l\ere  found  are  different  species  of 
Favosites^  Ccenostroma,  Slromatopora  and  Cyathophylloids. 

4.  A  light-colored,  even-bedded,  nearly  non-fossiliferous,  vesic- 
ular or  compact,  magnesian  limestone,  that  is  often  popularly 
mistaken  for  a  sandstone.  Its  upper  part,  sometimes  amounting 
to  ten  feet,  is  in  beds  of  four  to  six  inches  and  the  rest  in  beds  of 
ten  to  thirty-six  inches.  It  is  even-grained  and  makes  a  good  cut 
stone,  being  considerably  wrought  for  building  in  several  places  in 
northwestern  Ohio,  as  well  as  for  quicklime.  Toward  the  bottom 
it  becomes  arenaceous.     Its  thickness  is  about  twenty-seven  feet. 

5.  An  arenaceous  limestone  like  the  last,  which  sometimes  is  a 
pure  quartzose  sandstone  and  sometimes  an  arenaceous  limestone 
conglomerate.  The  water-worn  limestone  pebbles  in  this  conglom- 
erate are  evidently  from  the  underlying  limestone  (water  lime) 
and  are  occasionally  five  to  six  inches  in  diameter.  No  fossils 
have  been  seen  in  this  member.     Thickness  two  to  ten  feet. 
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Notes  on  the  foregoing  limestones. 

With  the  exception  of  the  last,  these  have  all  been  united  by 
Dr.  Newberry  under  the  terra  Corniferous.  The  last  is  regarded 
by  him  as  the  equivalent  of  the  Oriskany  of  New  York  and  the 
base  of  the  Devonian.  Nos.  1  and  2  constitute  together  a  very 
important  and  conspicuous  member  of  the  Ohio  Devonian,  which 
can  everywhere  be  easily  distinguished  at  a  glance  from  the  lower 
members,  chiefly  by  their  color,  but  also  by  their  bedding  and  by 
their  fossil  contents.  The  uppermost  member  (No.  1)  has  not 
heretofore  been  distinguished  as  overlying  No.  2.  It  occurs  in  the 
Olentangy  River  near  Waldo  in  Marion  county,  and  near  Norton 
in  Delaware  county.  It  may  also  be  seen  in  the  bed  of  the  same 
•  river  at  Delaware,  where  it  is  overlain  by  the  blue  shale  that  has 
been  regarded  as  the  representative  of  the  Hamilton.^  It  also  is 
seen  in  the  Auglaize  River  south  of  Defiance,  in  Defiance  county, 
and  in  the  Maumee  near  the  line  separating  Henry  from  Defiance 
count}',  where  it  is  immediately  overlain  by  the  black  slate,  the 
**blue  shale"  being  entirely  wanting.  A  bivalve  impression,  two 
inches  in  diameter,  XQ^^mhXh^g  Aviculopecten^  was  seen  in  it  at  Del- 
aw^are.  This  limestone  is  believed  to  be  the  equivalent  of  the 
Tully  Limestone  of  New  York.  No  2  is  the  limestone  that  has 
been  described  as  Hamilton  in  the  state  of  Michigan,  or  perhaps 
more  correctl}^  it  is  the  upper  portion  of  that  limestone.  It  has 
there  not  been  separated  from  the  Corniferous.  Hamilton  fossils 
prevail  over  those  having  a  distinctive  Corniferous  character,  both 
in  Michigan^  and  in  Ohio  throughout  this  blue  limestone,  and  in 
Michigan  seem  to  extend  downward  into  the  Corniferous.  The 
shales,  however,  which  accompany  this  limestone  in  Michigan,  are 
wanting  in  Ohio.  There  is  a  fossiliferous  black  shale  in  northern 
Michigan  which,  however,  may  be  the  equivalent  of  the  Marcellus. 
The  writer,  in  deference  to  Dr.  Newberry's  nomenclature,  has  dis- 
tinguished No.  2,  in  reporting  on  several  counties  in  Ohio,  as 
Upper  Corniferous.  It  is  believed  to  be  the  equivalent  of  the 
Hamilton  of  New  York.  It  is  colored  on  the  01  lio  county  maps 
as  '^Corniferous"  that  color  also  covering,  as  already  remarked 
of  the  word,  Nos.  3  and  4,  the  narrow  blue  belt  representing  the 
shale  overlying  No  1,  which  the  writer  has  distinguished  as 
Olentangy  Shale. 

»  See  Report  of  Progress  on  the  Ohio  Survey  for  1869. 

>  See  Report  on  Uie  Grand  Traverse  Region,  by  A.  Winchell. 
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No.  3  seems  in  fossil  contents,  sis  well  as  in  thickness  and  geo- 
logical position,  to  be  the  exact  equivalent  of  the  Corniferous 
Limestone  of  New  York.  The  writer,  to  distinguish  it  from  other 
portions  of  the  great  Corniferous  Group  of  Dr.  Newberry,  has 
designated  it  Delhi  Limestone,  from  the  village  of  that  name  in 
Delaware  county  where  it  is  extensively  burned  for   quicklime. 

No.  4  in  like  manner  represents  the  Onondaga  Limestone  of 
New  York,  and  in  a  similar  manner  furnishes  a  good  building  stone. 
It  is  the  lower  portion  of  this  member  that  has  been  referred  to  as 
representing  the  Ohio  corniferous,  quarried  at  Charloe,  Paulding 
county.  It  may  be  seen  in  the  banks  of  the  Scioto  near  Belle- 
point,  in  Delaware  county,  and  is  burned  for  lime  at  Bellevue  in 
Sandusky  county.  Its  manner  of  union  with  No.  5  is  not  constant. 
Sometimes  it  is  not  at  all  sandy  near  the  bottom,  and  at  other 
times  it  contains  one  or  two  very  sandy  layers,  before  the  sandy 
character  of  No.  5  is  fully  set  in. 

That  the  shale  which  overlies  the  foregoing  No.  1,  and  which  is 
well  exposed  in  the  Olentangy  River  at  Delaware,  is  not  the  Ham- 
ilton of  New  York,  is  evident  from  the  following  considerations : 

Ist.  At  every  point  examined  it  is  found  to  be  closely  interstrat- 
ified  with  the  black  slate,  even  to  the  base ;  and  in  Defiance  county 
it  is  entirely  wanting,  the  black  slate  lying  on  No.  1.  This  indi- 
cates that  its  associations  are  with  the  black  slate  rather  than 
with  the  Hamilton. 

2d.  If  it  be  the  Hamilton,  in  Defiance  county,  the  Hamilton  is 
wanting ;  yet  there  are  Hamilton  fossils  in  the  blue  limestone  lying 
below  (No.  2). 

3d.  It  has  not  yet  afforded  to  the  writer  a  single  fossil  form. 
The  fossils  at  Front's  Station  cannot  come  from  the  same  shale, 
although  the  writer  has  not  examined  that  locality.  A  very  close 
inspection  of  this  shale  in  Delaware  county,  where  it  affords  con- 
tinuous bluffs,  sometimes  for  half  a  mile,  has  not  disclosed  a  sin- 
gle fossil. 

4  th.  It  does  not  graduate  into  the  underlying  blue  limestone 
(Nos.  1  and  2)  but  the  transition  is  abrupt,  from  soft,  argillaceo- 
bituminous  shale  in  thin  beds,  to  a  hard  siliceous  limestone  in 
heavy  beds. 

5th.  While  it  contains  no  fossils  proving  its  Hamilton  age,  there 
are  fossils  in  No.  2  that  are  confessedly  of  Hamilton  age,  and 
those  fossils  are  formed  through  the  whole  thickness  of  No.  2. 
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6th.  In  New  York  the  Hamilton  is  shaly  and  calcareous;  all 
other  formations  in  passing  west  into  Oiiio  change  from  coarse  sed- 
iment to  fine.  Coarse  sandstones  become  shales.  Shales  become 
limestones  and  limestones  lose  much  of  their  thickness.  In  accord- 
ance with  this  well-known  law  it  is  more  likely  that  a  calcareo- 
argillaceous  formation  should  become  calcareous  like  No.  2  than 
entirely  argillaceous  or  bitumino-argillaceous,  like  the  Olentangy 
Shale. 

If  the  foregoing  parallelizations  are  correct  it  does  not  seem 
that  the  Hamilton  runs  out  in  passing  through  Ohio,  but  maintains 
a  full  development  as  a  calcareous  member  of  the  Devonian. 


Origin  and  Properties  of  the  Diamond.      By  A.  C.  Hamlin,  of 
Bangor,  Me. 

The  formation  of  the  diamond  is  the  same,  with  slight  excep- 
tions, all  over  the  world,  and  the  true  matrix  of  the  gem  is  in  the 
gravel  beds  of  the  Tertiary  period. 

This  peculiar  formation  in  which  the  diamond  is  always  found 
unless  the  strata  have  been  disturbed  b}^  currents  of  water,  is  a  fer- 
ruginous conglomerate,  and  known  &8  cascalhofnellan  or  hard-pan. 
It  is  forming  even  at  the  present  day,  and  examples  may  be  seen 
in  the  "  Allios"  of  France,  the  conglomerates  of  Cape  de  Verde, 
or  the  coasts  of  Cornwall,  and  in  many  other  places.  The  diamond 
placers  are  situated  at  the  bottoms  of  ancient  shallow  lagoons  or 
lakes,  and  the  deposits  may  be  traced  oftentimes  with  perfect  reg- 
ularity from  the  shallows  of  the  shore  of  the  lake  along  its  depths 
to  the  opposite  side.  The  gems  found  here  have  unbroken  edges, 
and  show  no  signs  of  aqueous  action,  while  those  obtained  from 
the  beds  of  rivers  which  have  traversed  the  diamond  placers, 
plainly  indicate  abrasion  occasioned  by  the  force  of  falling  water. 

The  keen  eye  of  Buffon  early  detected  the  formation  of  the  true 
gem  strata,  and  believing  that  the  gems  were  produced  in  these 
peculiar  beds  by  the  solar  forces,  he  boldly  asserted  that  they  were 
formed  in  the  superficial  strata  from  debris  of  older  formations 
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mineral,  animal  and  vegetable.  There  are  many  evidences  to  sus- 
tain the  vievr  of  diamonds  having  been  deposited  where  they  are 
found,  such  as  the  tints  of  tlie  diamond  correspoudiug  to  the  color 
of  the  surrounding  earth,  the  impression  of  clay  or  grains  of  sand 
on  the  sides  of  the  crystals,  etc. 

It  has  been  admitted  by  eminent  mineralogists,  that  the  diamond 
proceeded  from  the  slow  decomposition  of  vegetable  material  and 
even  animal  matter,  as  the  requisite  carbon  could  be  obtained  from 
either  source.  But  they  have  also  maintained  that  the  gem  was 
found  under  the  same  condition  of  heat  as  produced  the  metamor- 
phism  of  argillaceous  and  arenaceous  schist :  these  being  supposed 
to  have  once  been  altered  from  shales  impregnated  with  carbona- 
ceous substances  of  organic  origin.  To  this  theory^  however,  the 
microscope  offers  decided  objections,  for  it  reveals  within  the  dia- 
mond, vegetable  fibres  and  germs  of  higher  organization,  which 
fact  forbids  the  idea  of  the  development  of  any  considerable  de- 
gree of  caloric.  The  quantity  of  vegetable  remains  often  found 
in  the  diamond  is  considerable,  and  the  stone  is  rd  nitted  by  mi- 
croscopists  to  be  the  foulest  of  gems,  cavities  having  been  found 
in  the  mineral  which  have  yielded  impurities  like  rotten  weeds. 

Admitting  the  hypothesis  that  the  diamond  is  found  in  its  ma- 
trix at  the  bottoms  of  these  ancient  lagoons,  and  that  it  is  com- 
posed of  carbon,  we  have  abundant  material  for  the  formation  of 
the  gem  iii  the  vegetable  and  animal  matter,  which  is  collected  by 
the  impervious  conglomerates  forming  the  beds  of  stagnant  pools. 
Carbonic  acid  is  readily  produced  from  the  decomposition  of  this 
organic  debris^  and  is,  moreover,  constantly  evolved  from  the  earth 
itself.  It  has  the  property  of  decomposing  many  of  the  hardest 
rocks  and  is  the  cause  of  that  mysterious  decay  which  Doloniieu 
called  "Za  maladie  du  granite," 

It  is  not  at  all  improbable  that  the  diamond  contains  hydrogen 
as  some  savants  have  suspected  from  the  energy  of  its  refractive 
powers.  In  carburetted  hydrogen  we  have  the  united  force  of  two 
of  the  most  active  substances  known  as  organogens  or  generators 
of  organic  bodies ;  and  the  ease  with  which  their  combinations 
may  be  decomposed  by  electricit}',  also  the  extraordinary  display 
of  electric  force,  along  the  true  gem  fields,  are  to  be  considered  in 
the  study  of  this  subject.  The  production  of  a  drop  of  water,  by 
the  action  of  electricity  upon  a  mixture  of  hydrogen  and  atmos- 
pheric oxygen,  suggests  the  manner  in  which  the  diamond  might 
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be  formed  fi*om  carburetted  hydrogen.  It  is  true  this  experiment 
in  the  laboratory  has  failed  to  produce  the  transparent  and  crys- 
talline form  of  carbon,  although  it  has  thrown  down  the  element 
in  an  amorphous  state.  Tills  failure  is  by  no  means  decisive,  for 
many  of  the  simple  acts  of  nature  are  beyond  the  imitative  power 
of  man. 

The  charm  of  the  diamond  consists  not  only  in  the  extraordinary 
brilliancy  of  the  stone,  but  especially  in  the  display  of  prismatic 
color.  The  cause  of  these  two  properties  has  been  a  theme  of 
earnest  study  among  experimentalists,  and  many  ingenious  the- 
ories have  been  otfered.  The  brilliancy  appears  to  be  due  to  the 
nature  of  the  substance,  and  not  especially  to  its  hardness  or  its 
density.  The  soft  minerals  crocoite,  greenockite  and  octahedrite, 
which  exceed  the  diamond  in  refractive  power,  indicate  that  hard- 
ness has  nothing  to  do  with  brilliancy.  And  if  this  property  is  in 
any  way  connected  with  the  density  of  a  mineral,  the  zircon,  the 
sapphire  and  the  spinel,  ought  to  exceed  the  diamond  in  their  re- 
fractions, but  in  fact  they  are  far  inferior. 

Tlie  topaz,  which  has  the  same  specific  gravity  as  the  diamond, 
has  a  refractive  index  of  but  little  over  one-half  that  of  the  dia- 
mond. Concerning  the  charming  prismatic  display  many  plausible 
theories  have  been  offered,  and  none,  perhaps,  so  probable  as  that 
lately  advanced  by  an  English  philosopher.  This  savant  adopted 
the  view  that  this  property  was  due  to  the  relation  of  the  low  dis- 
persive to  the  high  refractive  power  of  the  gem,  and  hence  the 
JSphielle  does  not  exhibit  the  rainbow  hue  because  it  possesses  a 
very  high  refractive.  As  the  diamond  stands  quite  alone  among  the 
gems  in  this  relationship,  it  has  been  extremely  difficult  to  find 
transparent  minerals  to  test  the  correctness  of  the  theory.  The 
white  garnet  would  furnish  a  fine  example  if  we  could  find  a  trans- 
parent specimen,  as  it  possesses  a  refractive  of  1*81  and  a  low 
dispersive  of  -033.  But  unfortunately  gems  of  this  variety  are 
quite  unknown.  However,  Mt.  Mica,  with  its  white  tourmalines 
has  furnished  us  with  a  perfect  test  for  the  hypothesis.  This  gem 
affords  the  same  relationship  as  the  diamond,  having  a  refractive 
of  1*66  with  the  remarkably  low  dispersive  of  -028  while  the  dia- 
mond has  a  refractive  of  2*24:  with  a  dispersive  of  "038.  There- 
fore if  the  theory  is  correct  the  white  tourmaline  should  exhibit 
the  colored  reflections  as  well  as  the  diamond  ;  but  on  cutting  sev- 
eral of  these  stones  into  fine  and  perfect  brilliants  we  fail  to  wit. 
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ness  any  prismatic  display.     Therefore  we  are  relactantly  com- 
pelled to  regard  the  iugenious  calculation  as  incorrect. 

The  diamond  is  not  the  most  ancient  of  gems,  and  It  was  not 
until  the  art  of  man  polished  lis  surface  and  revealed  its  hidden 
splendors,  that  it  became  a  favorite  stone  with  man.  The  proc* 
ess  of  polishing  is  not  of  very  ancient  date,  but  it  extends  many 
centuries  beyond  the  discoveries  of  Louis  de  Berquem. 

In  early  times  diamonds  were  so  rare  that  only  princes  pos- 
sessed them,  and  the  smallness  of  the  size  of  those  that  Iiave  de- 
scended to  us  from  those  periods  indicates  that  the  paragons  were 
unknown  before  the  fifteenth  centurj*.  History  sustains  tliis  view, 
and  the  celebrated  traveller,  Ta vernier,  boldly  asserts  that  all  of 
the  famous  diamonds  have  been  discovered  since  the  above  men- 
tioned date.  The  gem  was  but  little  known  in  Pliny's  time,  t^nd 
it  does  not  appear  in  the  decv^rations  of  the  fetes  of  Alexander, 
and  the  early  conquests. 

The  color  suite  of  the  diamond  is  far  more  extensive  than  has 
been  generally  admitted.  Of  the  yellow  tint  it  affords  the  most 
beautiful  examples,  and  far  surpasses  in  variety  all  the  other 
gems.  To  the  yellow  topaz  it  is  decidedly  superior  in  its  range 
of  shades,  and  in  some  of  its  chrome-like  tints  it  is  without  an 
equal  among  the  gems.  Fine  green  are  sometimes  seen,  but  the 
ruby  red  is  excee<lingly  rare.  Those  of  a  peach  blossom  hue  are 
not  uncommon  and  there  are  recorded  a  number  of  diamonds  ex- 
hibiting a  beautiful  shade  of  blue.  The  nodular  or  globular  forms 
which  are  apparently  water-worn  are  really  natural  crystals, 
the  crystallization  radiating  from  the  centre.  As  they  are  defi- 
cient in  cleavage  planes  it  is  quite  impossible  to  polish  them, 
which  fact  is  sufficient  to  distinguish  them  from  the  water-worn 
pebbles.  They  recall  to  mind  the  singular  concretionary  and 
radiated  masses  of  the  animal  remains  found  in  the  Old  Red  Sand- 
stone. 

The  diamond  is  widely  distributed  over  the  earth.  The  gem 
fields  of  Asia  and  Brazil  are  very  extensive,  and  the  placers  of 
Africa  are  not  only  exceedingly  rich  but  they  are  of  enormous  ex- 
tent, and  will  probably  supply  the  wants  of  commerce  for  ages  to 
come.  Its  geological  age  is  certainly  very  recent  if  we  admit  its 
matrix  to  be  the  secondary  gravel  beds  of  the  Tertiary  period. 

Futhermore,  if  we  accept  the  observations  of  Humboldt,  Mur- 
ehison  and  Verneuil,  concerning  the  deposition  of  the  bones  of  the 
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rhinoceros  and  the  mammoth,  in  strata  twenty  feet  below  that  in 
which  the  diamond  is  found  in  the  Adelfakoi  district  of  Siberia,  we 
must  reasonably  conclude  that  the  mineral  was  deposited  since  the 
introduction  of  animal  life,  and  that  it  is  also  the  last  gem  placed 
upon  the  earth. 


On    some    Extinct    Types   of    Horned  Peris  sod  acttles.    By 
Edward  D.  Cope,  of  Philadelphia,  Penn. 

It  is  well  known  that  the  type  of  Mammalia  of  the  present  pe- 
riod, which  is  preeminently  characterized  by  the  presence  of  osse- 
ous horns,  is  that  of  the  Artiodactyla  ruminantia.  At  the  meet- 
ing of  the  Association  of  last  3'ear,  held  at  Dubuque,  I  announced 
that  the  horned  mammals  of  our  Eocene  period  were  most  nearly 
allied  to  the  Proboscidians.  I  now  wish  to  record  the  fact,  as  I 
believe  for  the  first  time,  that  the  Perissodactyles  of  the  interme- 
diate formation  of  the  Miocene  embraced  several  genera  and  spe- 
cies of  horned  giants  not  very  unlike  the  Eobasileus  and  Uintah 
therium  in  their  armature. 

"While  exploring  in  connection  with  the  United  States  Geological 
Survey  of  the  Territories,  I  discovered  a  deposit  of  the  remains 
of  numerous  individuals  of  the  above  character,  which  included 
among  other  portions  crania  in  a  good  state  of  preservation. 
Most  of  these  skulls  are  nearly  or  quite  three  feet  in  length,  and 
mostly  deprived  of  their  mandibular  portions  ;  these  are  quite  abun- 
dant in  a  separated  conditipn.  The  crania  represent  at  least 
six  species,  while  the  mandible  represents  a  condition  distinct 
from  that  of  Titanotherium  or  any  allied  genus,  viz. :  I.,  0 ;  C,  1 ; 
P.  M.,  3  ;  M.,  3.  The  teeth  diminish  rapidily  in  size  anteriorly,  and 
there  is  no  diastema  behind  the  canines,  whose  conic  crowns  do 
not  exceed  those  of  the  premolars  in  length.  To  the  genus  and 
species  thus  characetrized  I  have  elsewhere  given  the  name  of 
Symborodon  torvus. 

One  of  the  crania,  referred  to  under  the  name  of  Miobasileus 
oi'j^hryas^  is  characterized  by  its  strong  and  convex  nasal  bones 
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and  concave  superior  outline  posteriorly,  and  by  the  presence  of  a 
massive  horn-core  on  each  side  of  the  front,  whose  outer  face  is 
continuous  with  the  inner  wall  of  the  orbit,  as  in  the  Loxolophodon 
comiUus.  It  stood  above  the  eye  in  life,  and  diverged  from  its 
fellow  so  as  to  overhang  it.  In  the  specimen,  which  was  fully 
adult,  they  were  worn  obtuse  by  use  —  length,  about  eight  inches  ; 
thickness,  three  inches.  The  molar  teeth  differ  from  those  of  7Y- 
tanotlierium  Proutii  in  having  cross  crests  extending  inward  from 
the  apices  of  the  outer  chevrons,  each  of  which  dilates  into  a  T- 
shape  near  the  cones. 

The  third  species  is  referred  to  the  new  genus  Symhorodon  under 
the  name  of  S.  ocbv.  It  has  overhanging  eyebrows  and  the  vertex 
little  concave ;  but  the  nasal  bones  are  greatly  strengthened,  and 
support  on  each  side  near  the  apex  a  large  curved  horn-core  of  ten 
inches  in  length  with  sharply  compressed  apex.  These  horns  di- 
verge with  an  outward  and  backward  curve,  and  when  covered  with 
their  sheaths  must  have  considerably  exceeded  a  foot  in  length. 
This  was  a  truly  formidable  monster,  considerably  exceeding  the 
Indian  rhinoceros  in  size. 

The  fourth  species  is  allied  to  the  last,  and  has  well  developed 
superciliary  crests  without  horns.  The  latter  are  situated  well  an- 
teriorly, and  are  short  tubercles  not  more  than  three  inches  in 
height.  They  are  directed  outward  and  have  a  truncate  extremity. 
The  type  individual  is  of  rather  larger  size  than  those  of  the  other 
species.  There  are  several  crania  referrible  to  the  three  now  named. 
The  present  one  has  been  named  Symhorodon  hdocerus. 

Other  species,  based  upon  crania  without  mandibles,  were  referred 
to  the  genus  Symhorodon. 

These  animals  show  true  characters  of  the  Perissodactyla  in  their 
deeply  excavated  palate,  solid  odo;itoid  process,  third  trochanter 
of  femur,  which  has  also  a  pit  for  the  round  ligament,  in  the  di- 
vided superior  ginglymus  of  the  astragalus,  etc. 
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On  the  Origin  of  Insects  anb  Remarks  on  the  Antsnnal  Char- 
acters IN  the  Bdtterflies  and  Moths.  By  Aug.  R.  Grotb, 
of  Buffalo,  N.  Y. 
We  understood  raetaraorpbosis  in  insects  ns  correlated  with  de- 
velopment, and  as  a  growth  period  characterizing  the  gradual 
escape  from  a  lower  and  more  embiyonic  physical  condition.  We 
may  consider  it  as  a  reminiscent  action  marking  the  successive 
developmental  halts  in  the  kingdom  of  Articulnta.  And,  in  rea- 
soning upon  the  facts  brought  to  light  by  tlie  embryological  stud- 
ies of  Haeckel,  Fritz  Miiller,  Packard  and  Dohrn,  we  must  accept 
the  conchision  that  tiie  common  origin  of  Tracheata  is  to  be  sought 
in  the  bircgional  Crustacean.  The  fact  of  the  abortion  of  the 
traclieal  system  in  the  tiiorax  presents  a  parallel  to  the  fact  of  the 
remains  of  the  swimming  bladder  in  man.  In  considering  the  gen- 
eral progression  of  Ilexapoda,  the  Devonian  and  earliest  forms 
known  seem  to  be  Neuropterous,  nor  is  there  yet  sufficient  evidence 
to  prove  that  tiie  common  origin  of  Hexapoda  is  to  be  carried  back 
through  suborders  exclusively  fossil.  Yet  that  the  position  of  the 
Neuroptera  suggests  such  a  third,  less  distinctively  marked  series, 
which  is  now  no  longer  living,  and  which  has  given  rise  to  the 
Orthoptera,  Ilemiptera  nnd  Coleoptera,  and  again  to  the  Diptera, 
Lepidoptera  and  Ilymenoptera,  cannot  be  denied.  And  that  the 
Lepidoptera  are  the  more  recent,  palceontological  evidence  seems 
to  confirm,  while  we  should  not  expect  the  butterflies  among  the 
flowerless  forests  of  the  Carboniferous  period.  As  yet  the  fossil 
butterflies  discovered,  such  as  those  recently  described  by  Mr. 
Scudder,  belong  to  Miocene  Tertiar}'.  As  matters  now  stand  there 
can  be  no  objection  to  the  conclusion  tliat  the  butterflies  and  bees 
are  contemporary  with  man.  Thus  hitherto  recorded  observations 
suggest  to  us  very  plainly  the  directions  from  which  the  hexapo- 
dous  type  has  proceeded.  The  land  was  probably  visited  at  first 
irregulnrly  and  tlien  at  a  stated  life-period,  while  the  hexapodous 
type  affords  an  ascending  series  of  grade  in  terrestrial  adaptation. 
The  consideration  of  the  general  longer  period  of  larval  life  shows 
a  connection  with  this  effort,  while  the  greater  equalization  in  du- 
.  ration  of  the  periods  of  growth,  or  the  curtailment  of  the  3*ounger 
stage  to  the  benefit  of  the  adult,  marks  a  permanent  advance  in 
typo  in  Hexapoda. 
The  aiitennal  structure  in  the  butterflies  and  moths  has  been 
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made  the  basis  for  classification,  at  different  times,  by  two  French 
entomologists,  MM.  Dumeril  and  Boisduval.  While  the  terms 
employed  by  the  former  have  priority,  those  of  Ehopalocera  (club- 
horned)  and  Heterocera  (diversely-horned),  used  by  the  latter,  have 
come  into  general  use,  chiefly  tiirough  the  bibliographical  impor- 
tance of  the  work,  the  first  volume  of  the  uncompleted  Species 
General  (the  completion  of  which  is  now  no  longer  a  necessity),  in 
which  thej'  were  announced.  The  increase  in  our  knowledge  of 
the  Lepidoptera  has  brought  with  it  a  different  conception  of  the 
antennal  structure  and  abundant  physical  proof  of  the  absence  of 
any  such  absolute  difference.  The  divisional  values  intended 
are  unequal.  The  terms  are  inapposite  and  should  be  rejected 
from  scientific  use  and  literature.  On  reflective  observation  the 
difference  between  the  antennae  in  I  he  butterflies  and  moths  does 
not  seem  to  me  to  lie  in  the  characters  of  their  different  termina- 
tions but  in  the  upward  direction,  comparative  rigidity  and  uni- 
formity in  length  of  the  antennal  stem  in  the  butterflies.  The 
flexibility  and  diversity  of  tlie  appendages  to  the  joints  of  the  an- 
tennal stem  in  the  moths  point  to  a  more  active  use,  while  the 
more  lateral  and  forward  direction  is  a  lower  character  in  grade. 
From  the  stout,  rayed  and  short  antennse  ot  Attacus^  to  the  thread- 
like neuropteriform  and  lengthy  an  ten  me  of  Adela^  there  is  a 
wide  diversity  indicative  of  utilitarian  change.  When  we  remem- 
ber the  general  habit  of  the  moths,  the  necessity  for  a  develop- 
ment of  their  perceptive  faculties,  independent  of  vision,  seems 
obvious ;  their  more  sensitive  antennae  may  protect  them  from 
many  enemies  to  which  their  habit  exposes  them.  On  the  other  hand 
the  butterflies  are  more  protected  by  vision  ;  and  the  rigidity, 
together  with  the  greater  uniformity  in  length  of  the  antennae, 
seems  to  be  the  result  of  desuetude.  In  the  Hesperidce^  a  group 
occupying  an  intermediate  station  in  rank  and,  I  believe,  in  time, 
there  is  a  greater  comparative  diversity  in  the  length  of  the  an- 
tennae as  compared  with  the  true  butterflies.  In  Castnia  and  the 
higher  moths  the  antenna  is,  as  we  naturally  expect  it,  butterfly- 
like in  structure. 

This  change  in  the  antennal  structure  in  the  Lepidoptera  ac- 
companies the  change  in  the  position  of  the  wings,  signalized  by 
Agassiz  in  1849,  the  discovery  of  which,  on  the  whole,  may  be 
considered  as  our  most  important  accession  to  an  understanding 
of  rank  within  the  Lepidoptera.     Agassiz's  observations  are  con- 
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fined  to  a  comparison  of  the  quiescent  positions  of  the  wings.  In 
the  act  of  assuming  fliglit  a  singular  muscular  action  seems  neces- 
sary to  tlie  butterfly.  The  moth  tluows  the  deflexed  wings  first 
forward,  unfolding  the  secondary  in  a  horizontal  direction  (not  nn- 
plaiting  it  as  in  tlie  lower  suborders)  ;  under  the  same  circum- 
stances the  Hesperian  first  elevates  tlie  horizontally  expended  hind 
wing. 

I  notice,  in  conclusion,  Dr.  Clemens'  experiment  with  the  moth 
Platysamia  cecropta.  Concomitant  with  the  gradual  excision  of 
the  antennae,  Dr.  Clemens  found  a  corresponding  indisposition  to 
flight  presented  by  the  mutilated  insect.  At  last  "  the  power  of 
hovering  was  completely  lost,  "  and  Dr.  Clemens  drew  the  extraor- 
dinary conclusion,  that  ^^  the  antennas  are  instruments  of  atmos- 
pheric palpation."  The  power  of  hovering,  on  the  contrary,  was 
not  lost  by  antennal  mutilation,  but  became  suspended  through  the 
consequent  loss  of  the  perceptive  faculties  of  direction,  and  the 
nightfiying  moth  naturally  refused  to  proceed.  The  use  and  con- 
trol over  the  wings,  through  the  thoracic  muscles,  could  not  have 
been  impaired  by  the  loss  of  the  antennte. 


The  largest  Fossil  Elephant  Tooth  ykt  described.   B3'  Edmund 
O.  HovEY,  of  Crawfordsville,  Indiana. 

abstract. 

This  tooth  was  found  in  Alameda  Co.,  California,  and  is  now 
in  the  Cabinet  of  Wabash  College,  Indiana. 

Its  vertical  depth  is  thirteen  (13)  inches,  transverse  measure- 
ment is  fifteen  (15)  inthes,  length  of  triturating  surface  nine  (9) 
inches,  and  the  weight  of  the  tooth  is  twenty-one  and  a  half  pounds 
avoirdupois. 
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NOTRS   ON     THE   GbOLOGT   AND     ECONOMIC     MlNBRALOGT     OF    THE 

Southeastern  Appalachians.      By  T.    Stbrrt  Hunt,  of 
Boston,  Mass. 

abstract. 

The  anthor  began  by  a  brief  sketch  of  the  physical  geography 
and  topography  of  the  mountain  region  which  borders,  on  the 
southeast  side,  the  great  Appalachian  valley  in  its  extension 
from  southwestern  Virginia  to  northern  Georgia,  and  referred  to 
the  published  accounts  of  Henry  Darwin  Rogers  and  Professor 
Gnyot,  who  are  our  best  autliorities  on  this  region.  He  described 
the  bifurcation  of  the  mountain  chain  of  crystalline  rocks  to  the 
southwest  of  Lynchburg,  the  eastern  branch  of  wliich  retains  the 
name  of  the  Blue  Ridge,  and  the  western  is  known  as  the  Iron 
Mountain,  Smoky  Mountain,  or  Unaka  range  ;  the  two  ridges  in- 
closing an  elevated  valley,  in  the  northern  part  of  which  the  New 
River  takes  its  rise.  The  prevalence  over  large  portions  of  this 
region  of  gneisses  and  mica-schists  like  those  of  the  White  Moun- 
tains was  noticed,  and  the  character  presented  by  their  superficial 
decay  described.  The  drift-phenomena  of  the  North  are  here 
unknown,  and  the  rocks,  decomposed  to  great  depths,  still  retain 
their  original  positions.  The  inclined  beds  are  to  be  seen  in  the 
cuttings  through  soft  clays,  which  were  once  nearly  vertical  strata 
of  hard  feldspathic  and  hornblendic  rocks.  This  change  was 
chemical,  and  not  mechanical,  and  was  due  to  the  action  of  water 
holding  in  solution  carbonic  acid  and  oxygen,  which  had  re- 
moved alkalies  and  lime,  and  peroxidized  the  iron.  The  exis- 
tence of  similar  phenomena  in  Brazil  and  other  countries  was 
noticed,  and  it  was  shown  that  it  ai)i)ears  only  in  regions  beyond 
the  limits  of  glacial  action.  The  question  was  then  asked  why 
do  the  similar  rocks  in  New  England  offer  no  evidences  of  such  a 
decay,  and  it  was  suggested  that  it  was  the  result  of  a  process 
which  took  place  at  a  very  remote  period,  and  before  the  glacial 
erosion,  which  has,  in  the  regions  to  the  northeast,  removed  all 
traces  of  these  softened  and  disintegrated  rocks.  The  author, 
while  maintaining  this  view,  desired  to  call  especial  attention  to 
this  curious  and  important  geological  phenomenon,  which  he  con- 
nects with  climatic  and  atmospheric  conditions  unlike  those  of  the 
present  period. 

The  concretionary  veins  of  these  gneissic  and  micaceous  rocks 
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were  next  noticed.  Some  of  tbcm  are  made  up  of  coarsel}'  crys- 
talline orthoclase  with  quartz,  tourmaline  and  great  plates  of 
mica,  while  in  others  examined  by  the  speaker,  calcareous  spar 
and  calcareo-magnesian  silicates  such  as  hornblende  and  p3^rox- 
eue,  with  zoisito  and  garnet,  are  met  ^ith.  These  minerals  are 
often  associated  with  sulphnrets  such  as  pjrite,  pyrrhotine,  chal- 
copyrite,  and  more  rarely  with  galena,  blende  and  molybdenite. 
The  character  of  some  great  deposits  of  iron  and  copper  sul- 
phnrets, met  with  under  similar  conditions  from  Virginia  to  Ten- 
nessee, was  describeil ;  some  of  them  are  clearly  transverse  veins, 
but  others,  which  seem  intercalated  in  the  stratification,  exhibit 
in  the  banded  arrangement  of  their  materials,  and  in  the  grouping 
of  their  crystalline  minerals,  evidences  that  they  are,  not  less  than 
the  transverse  veins,  the  result  of  concretionary  deposition  in  rifts 
in  the  strata.  Some  phenomena  of  infiltration  in  the  laminae  of 
the  adjacent  schists  were  described;  but  it  was  contended  that 
these  are  but  local  and  accidental  phenomena,  and  are  not  to  be 
confounded  with  the  deposits  of  sulphnrets  which  in  the  Huronian 
rocks  of  the  Green  Mountains  and  elsewhere  seem  to  have  consti- 
tuted from  the  first  a  portion  of  the  formation. 

The  economic  value  of  these  great  metalliferous  lodes  of  the 
southeastern  Appalachians  was  alluded  to.  The  copper  mines  of 
Ducktown,  in  Polk  County,  Tennessee,  and  of  the  Ore  Knob,  in 
Ashe  County,  North  Carolina,  were  noticed,  and  the  value  of  these 
and  of  similar  deposits  in  Virginia,  as  sources  both  of  copper  and 
of  sulphur,  was  pointed  out.  While  England  brings  from  South 
Carolina  our  phosphates  for  the  manufacture  of  fertilizers,  she 
imports  from  Spain  the  snlphnret  of  iron  to  furnish  the  acid  nec- 
essary for  their  treatment.  We,  on  the  contrary,  bring  the  native 
sulphur  from  Sicily  for  the  same  purpose,  while  the  mountains  of 
the  Blue  Ridge  contain  deposits  of  sulphur-ore  as  abundant  as 
those  of  Spain,  which  will  one  day  be  made  available  for  the  treat- 
ment of  the  South  Carolina  phosphates,  and  their  conversion  into 
the  fertilizers  so  necessary  for  southern  agriculture. 

Prof.  C.  A.  White,  in  support  of  these  views,  described  the  evi- 
dences of  a  similar  profound  disintegration  of  the  crystalline 
rocks  in  the  northwest,  and  stated  that  from  such  a  decom- 
posed material  a  great  part  of  the  soils  of  the  region  was  formed. 
He  was  of  the  opinion  that  it  had  taken  place  previous  to  the 
Cretaceous  period,  since  the  strata  of  that  time  in  the  region  in 
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qaestion  were  formed  from  the  results  of  this  decay  of  the  felds- 
pathic  and  hornblendic  rocks  of  the  vicinity. 


The  Metamorpuism  of  Kocks.     By  T.  Stkrrt  Hunt,  of  Boston, 
Mass. 

abstract. 

The  various  changes  which  rocks  undergo  under  the  influence 
of  water,  air  and  various  gases,  and  tlieir  changes  in  molecular 
structure,  were  briefly  noticed,  and  the  use  of  the  name  of  meta- 
morphic  rocks,  as  now  generally  applied  to  crystalline  strata, 
considered.  While  some  geologists  have  considered  that  many  of 
these,  such  as  gneisses,  diorites,  serpentines,  talcose  and  chloritic 
rocks  were  igneous  products,  more  or  less  modified  by  subsequent 
chemical  processes,  others  maintained  that  they  were  formed  by 
aqueous  sedimentation,  and  subsequently  cr3'stallized.  This  was 
taught  by  Hutton  ;  and  when,  early  in  this  century,  the  crystalline 
rocks  of  the  Alps  were  shown  to  rest  upon  uncrystalline  fossilifer- 
ous  strata,  it  was  suggested  that  the  overlying  crystallines  were 
newer  rocks,  which  had  undergone  a  metamorphism  from  which 
those  directly  beneath  had  been  exempted.  This  notion  spread 
until  the  great  crystalline  centre  of  the  Alps  was  considered  to 
be  in  part  of  secondary  and  even  of  tertiary  age.  The  history  of 
the  extension  of  this  notion  to  Germany,  to  the  British  Islands, 
and  to  New  England  was  then  sketched,  and  it  was  shown  that 
similar  crystalline  rocks  from  supposed  stratigraphical  evidence 
came  to  be  referred  to  formations  of  very  different  ages  in  palaeo- 
zoic or  more  recent  geologic  times. 

The  author  then  detailed  the  course  of  study  by  which  he  had 
been  led  to  question  this  notion ;  he  showed  that  there  was,  ac- 
cording to  Favre,  no  longer  any  evidence  in  the  Alps  in  support 
of  the  view  above  noticed ;  that  Sedgwick  in  England,  and  Nicoll 
in  Scotland,  had  rejected  the  notion  of  the  palaeozoic  age  of  the 
crystalline  schists  in  these  countries,  regarded  by  Murchison  as 
Cambrian  and  Silurian ;  and  finally  gave  the  observations  by  which 
he  (the  speaker)  had  satisfied  himself  that  the  crystalline  rocks  of 
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the  Green  MounU'ms  and  the  White  Mountains,  and  their  repre- 
seDtatives  alike  in  Quebec,  New  Brunswick  and  in  the  Blue  Ridge 
were  more  ancient  than  the  oldest  Cambrian  or  primordial  fossilif- 
erous  strata.  He  showed  how  folding,  inversion  and  faults  had 
alike  in  the  Alps  and  in  Scotland  led  to  the  notion  that  these 
crystalline  rocks  were  in  many  cases  newer  than  the  adjacent  fos- 
sillferous  strata,  and  mentioned  that  the  subject  would  be  further 
illustrated  by  a  paper  on  the  geology  of  New  Brunswick. 

KOTK.—  In  A  paper  on  the  geology  of  the  White  Mountains  in  the  Proceeding!  of  the 
A.  A.  A.  S.for  12^2,  Professor  C.  H.  Hitchcock  (p.  116)  refers  to  my  address  before  the 
Association  in  1871,  in  which  I  have  discussed  the  crystalline  rocks  of  New  England, 
and  speaks  of*'  the  position  assigned  by  Dr.  Hunt  to  the  whole  White  Mountain  senes 
in  his  •  •  *  address/*  According  to  him  I  have  referred  *'  the  age  of  the  series  to  the 
CambriaUf  not  iar  from  the  period  of  the  Potsdam  sandstone."  This  la  however  eom^ 
liletcly  »t  variance  with  the  statements  of  my  address,  and  with  my  whole  argument 
extending  over  several  pages.  I  have  there  stated  with  regard  to  certain  crystalline 
schists  of  Europe,  my  conviction  tliat  they  '*  belong  to  a  period  anterior  to  the  depoei' 
tioH  of  the  Cambrian  tediments,  and  will  correspond  with  the  newer  gneUtic  teriea 
of  our  Appalachian  region,"  that  is  the  White  Mountain  Series  (p.  32).  Again  (p.  36) 
I  consider  the  view  which  I  formerly  shared  with  most  otlier  geologists  of  tlie  palaeozoic 
age  of  the  "  cryttfUUne  rock*  of  the  Green  Mountain  and  White  Mountain  series,"  and 
declare  that  **  I  find  on  a  careful  examination  of  the  evidence  no  satisfuctory  proof  of 
such  an  age  and  origin,  but  an  array  of  facts  which  appear  to  me  incompatible  with 
the  hitherto  received  view  and  lead  me  to  conclude  that  CAe  tehoie  qf  our  er^fstalline 
schists  of  eastern  Korth  America  are  not  only  pre- Silurian  but  pre-Cambrian  in  age.** 
This  view  is,  I  believe,  adopted  by  Prol*.  Hitchcock.  He  in  his  paper  further  states  his 
opinion  that  the  lower  part  of  the  White  Mountain  aeries  is  Laurentian,  but  as  my  dell* 
nition  of  the  White  Mountain  series  In  the  address  above  quoted  is  primarily  hthologl- 
cnl  and  expressly  excludes  the  rocks  of  the  Laurcntian  series,  the  sUttenieut  of  Prof. 
H.  amounts  only  to  an  assertion  that  the  White  Mountain  series  in  certain  parts  of  Kew 
Hampshire  rests  directly  upon  Laurentian  rocks,  which  is  by  no  means  improbable. 
I  pointed  out  in  1870  and  1871  reasons  for  supposing  the  existence  of  areas  of  Lauren- 
tian strata  both  in  eastern  and  western  Massachusetts. 


Geology  of  Southern  New  Brunswick.    By  T.  Stkrrt  Hunt, 
of  Boston,  Mass. 

ABSTRACT. 

The  recent  labors  under  the  Geological  Survey  of  Canada  by 
Messrs.  Bailey,  Matthew  and  the  author  were  sketched.  They 
show  south  and  west  of  the  New  Brunswick  coal-basin  various 
uncrystalline  formations,  all  resting  upon  ancient  crystalline  rocks. 
These  latter  arc  by  the  author  regarded  as  for  the  most  part  the 
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equivalents  of  the  Green  Mountain  and  the  White  Mountain 
series  or  what  he  calls  Huronian  and  Montalban.  These  are  pen- 
eti*ated  by  granites,  and  associated  in  one  part  with  Norian  rocks, 
but  the  presence  of  Lanrentian  in  the  region  is  somewhat  doubtful. 
While  the  author  recognizes  thus,  at  least,  four  distinct  series  of 
pre-Cambrian  crystalline  rocks  in  eastern  North  America,  he  does 
not  question  the  possible  existence  of  yet  other  series  in  tliis  re- 
gion. The  analogies  offered  by  the  more  recent  rocks  of  this 
region  are  very  suggestive.  We  have  within  twenty  miles  of  St. 
John,  New  Brunswick,  larger  or  smaller  areas  of  not  less  than  live 
palseozoic  formatious,  the  Menevian  of  Lower  Cambrian  age,  the 
fauna  of  which  has  been  so  well  studied  by  Hartt ;  true  Sihirian, 
probably  of  Lower  Helderberg  age ;  Devonian,  yielding  the  fossil 
flora  made  known  to  us  by  Dawson ;  Lower  Carboniferous,  and 
true  Coal  Measures,  besides  sandstones  of  Mesozoic  age.  Each 
one  of  these  is  found  resting  on  the  older  crystallines,  and  except 
the  last  they  are  highly  inclined  and  even  vertical.  As  the  result  of 
contortions  and  overturn-dips,  the  older  crystalline  strata  are 
found  to  overlie  in  some  cases  the  newer  ones ;  besides  which  the 
latter  are  occasionally  formed  in  great  part  of  theT  ruins  of  the 
crystalline  strata,  and  so  consolidated  that  they  have  been  con- 
founded with  them.  Recomposed  rocks  made  up  of  the  debris 
of  pre-Cambrian  felsites  and  orthophyres  are  found  alike  in  the 
Lower  Carboniferous  and  the  Silurian  series,  and  the  beds  of  the 
latter  are  made  up  in  other  localities  of  comminuted  Huronian 
diorites  and  argillites.  A  conglomerate  of  similar  origin  occurs 
at  the  base  of  Menevian  or  Lower  Cambrian,  and  other  parts 
of  this  series  abound  in  the  ruins  of  the  White  Mountain  mica- 
schists. 


Breaks  in  the   American   PALiEOzoio   Series.     By  T.  Sterrt 
Hunt,  of  Boston,  Mass. 

I  ABSTRACT. 

The  author  began  by  considerations  on  the  value  and  signifi- 
cance of  breaks  in  the  succession  of  strata  and  of  organic  re- 
mains. He  then  referred  to  the  classification  of  the  palceozoic 
rocks  of  the  New  York  series,  and  showed,  that  Hall,  in  1842,  and 
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again  in  1847,  pointed  out  the  existence  therein  of  a  fauna  older 
than  what  was  then  called  Silurian  by  Murchison,  or  was  known 
in  Great  Britain ;  Hall  maintaining  that  our  comparison  with 
British  rocks  must  commence  with  the  Trenton  limestone,  the 
equivalent  of  the  Upper  Cambrian  of  Sedgwick  (Llandeilo  or 
Lower  Silurian  of  Murchison).  The  rocks  below  this  horizon  in 
America  are  the  equivalents  of  the  Lower  and  Middle  Cambrian 
of  Sedgwick,  which  when  they  were  found  to  be  fossil iferous, 
were  wrongly  claimed  by  Murchison  as  part  of  the  Silurian. 

He  sketched  the  history  of  the  introduction  of  the  nomencla- 
ture of  Murchison  into  our  American  geology,  and  then  proceeded 
to  show  the  existence  of  a  break  both  stratigraphical  and  palseon- 
tologicai  at  the  base  of  the  Trenton.  The  contact  between  the 
Calciferous  sandrock  and  the  unconformably  overlying  Trenton  is 
seen  in  Herkimer  County,  N.  Y.,  according  to  Hall.  The  so-called 
fossiliferous  Quebec  group  of  Logan,  the  Primal  and  Auroral  of 
Rogers,  which  extends  along  the  great  Appalachian  valley  from 
the  Lower  St.  Lawrence  to  Georgia,  corresponds  to  the  Lower  and 
Middle  Cambrian ;  and  the  Potsdam,  Calciferous  and  Chazy  for* 
mations  are  Hs  equivalents  in  the  valleys  of  the  Ottawa  and  Lake 
Champlain,  much  reduced  in  thickness.  These  are  overlaid  by 
the  rocks  of  the  Trenton  and  Hudson-River  groups  (Upper  Cam- 
brian), which  in  various  localities  to  the  north  overlap  the  older 
fossiliferous  rocks,  and  in  the  absence  of  the  latter,  repose  directly 
upon  the  crystallines,  indicating  a  considerable  continental  move- 
ment corresponding  to  the  break  in  paloeontologtcal  succession. 

The  relation  between  these  explained  by  Logan  as  resulting 
from  a  movement  posterior  to  the  deposition  of  the  Hudson-River 
group,  which  produced  a  great  uplift  of  several  thousand  feet,  ex- 
tending for  more  than  one  thousand  miles.  While  showing  that 
there  have  been  movements  in  parts  of  the  region  since  that  period, 
the  author  rejects  the  above  explanation,  and  shows  that  the  rela- 
tion between  the  two  is  due  to  the  fact  that  the  Trenton  and  the 
Hudson-River  rocks  overlie  unconformably  the  disturbed  Quebec 
group.  These  two  great  discordant  series  correspond  to  the 
rocks  of  the  first  and  second  faunas  of  Barrande. 

The  second  great  break  is  at  the  summit  of  the  Hudson-River 
group,  and  is  marked  b}'  the  Oneida  conglomerate  in  New  York, 
and  a  similar  one  in  Ohio  described  by  Newberry.  The  rocks 
above,  to  the  base  of  the  Corniferous  limestone  in  the  New  York 
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series,  are  the  Upper  Silurian  of  Murehison,  or  Silurian  proper, 
and  bold  wbat  is  called  by  Barrande  the  third  fauna.  As  long 
since  shown  by  Hall,  they  are,  however,  to  be  divided  on  palseon- 
tological  grounds  into  two  groups,  the  lower  including  the  Me- 
dina, Clinton  and  Niagara  formations,  and  the  upper  what  was 
named  the  Lower  Helderberg  group.  These  are  separated  in 
New  York  and  Ontario  by  the  great  non-fossil iferous  Onondaga 
group,  holding  salt  and  gypsum,  and  deposited  from  a  great  salt 
lake. 

The  close  of  the  Onondaga  was  marked  by  another  period  of 
disturbance,  which,  like  that  preceding  the  deposition  of  the 
Trenton,  changed  the  levels,  and  caused  the  ocean-waters  to 
spread  alike  over  the  Onondaga  formation  and  the  adjacent  rocks 
which  had  formed  the  ancient  sea-banier.  Then  was  deposited 
the  Lower  Helderberg  limestone,  followed  by  the  Oriskany  sand- 
stone, together  constituting  a  fourth  natural  division  of  our  palae- 
ozoic rocks.  This  limestone  was  deposited  unconformably  over 
the  Trenton  and  Hudson-River  rocks  in  the  St.  Lawrence  valley, 
and  upon  the  older  crystallines  in  various  localities  among  the 
Appalachian  hills  in  New  England  and  the  British  Provinces. 
Over  this  whole  region  there  are  no  known  representatives  of  the 
second,  and,  except  to  the  far  eastward,  none  of  the  third  or 
Medina-Niagara  fauna.  The  fourth  or  highest  Silurian  fauna 
corresponds  to  the  Ludlow  rocks  of  Britain,  or  the  Upper  Silurian 
of  the  Canada  Survey ;  while  to  the  third  fauna  this  survey  has 
applied  tlie  name  of  Middle  Silurian.  The  necessity  for  such  a 
division,  in  accordance  with  the  views  of  Hall,  is  admitted,  but 
the  name  is  to  be  rejected,  since  the  rocks  immediately  below  it 
are  properly  not  Lower  Silurian  but  Upper  Cambrian. 

Evidences  of  a  fourth  break  between  the  Oriskany  and  the 
Corniferous  were  mentioned  in  the  erosion  of  the  former  in  New 
York  and  Ontario,  although  to  the  eastward,  in  Gaspe,  they  form 
a  continuous  series.  The  author  closed  by  a  tribute  to  the  mem- 
ory of  the  venerable  Sedgwick,  the  Nestor  of  British  geologists, 
who  died  last  winter;  and  to  the  labors  of  Prof.  James  Hall, 
who,  in  his  vast  work  on  our  palseozoic  geology,  has  reared  for 
himself  an  imperishable  monument. 

NOTB.— An  nnpnbliBhed  geological  map  of  northeastern  America,  extending  ft-om 
Labrador  to  the  Mississippi  and  to  Virginia,  prepared  by  the  author  bo  as  to  show  by 
as  many  different  colors  the  geogi'aphical  distribution  of  the  rocks  of  the  four  palaeozoic 
faunas  recognized  in  the  above  paper,  was  exhibited  by  him  to  the  geological  members 
of  the  Association. 
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Geological  History  or  Wimnipiseoqbb  Lake.  By  C.  H« 
Hitchcock,  of  Hanover,  N.  H. 

The  hydrographic  basin  of  Winnipiseogee  Lake  comprises  about 
three  hundred  and  fifty  square  miles.  Its  waters  flows  intd  the 
Merrimac,  though  the  general  level  of  the  country  would  seem  to 
ally  it  with  the  waters  of  the  Saco  or  Cocheco  valley. 

The  lake  is  quite  iiregular  in  form.  Its  general  course  is  from 
S.  25°-30°  E.,  with  several  long  bays  or  arras.  On  the  south  is 
Alton  Bay,  eight  or  ten  miles  long,  which  resembles  a  fiord  more 
than  any  of  the  other  arms.  On  the  southeast  is  Wolfsboro  Bay 
in  close  connection  with  Smith's  Pond.  On  the  northeast  are  two 
branches  into  Moultouboro.  On  the  northwest  is  the  expanse 
known  as  Meredith  Bay.  The  western  shore  is  compai-atively 
straight  from  Meredith  village  to  Alton  Bay  village.  The  hills 
about  the  lake  are  steeper  than  the  average  in  other  parts  of  the 
state. 

The  length  of  the  lake  proper  is  nineteen  miles.  The  breadth 
at  the  widest  part  is  eight  and  one-fourth  miles.  The  area  of  the 
water  is  sixt3'-nine  square  miles,  five  hundred  and  thirty>one  acres 
and  3*03  square  rods.  If  Long  Bay,  which  is  properly  an  expan* 
sion  of  the  outlet,  be  added,  the  area  becomes  seven t3'-one  square 
miles,  five  hundred  and  fifty-nine  acres  and  4356  square  rods. 

The  lake  abounds  in  islands.  Their  number,  large  and  small 
together,  is  two  hundred  and  seventy-four.  The  height  above 
mean  tide-water  is  given  by  the  best  authorities  at  five  hundred 
and  one  feet.  The  water  is  remarkably  pure  but  shallow.  No 
soundings  have  been  made,  but  no  part  is  likely  to  be  over  two 
hundred  feet  deep. 

Commencing  at  the  outlet,  passing  northerly  around  the  hydro- 
graphic  basin,  the  following  may  represent  the  altitudes  of  the 
rim  above  the  lake.  We  quickly  reach  a  hill  about  two  hundred 
and  seventy-five  feet,  then  descend  a  hundred  feet  and,  with  other 
irregularities,  reach  Wadleigh  Hill,  three  hundred  and  sixty  feet. 
At  the  north  foot  of  Wadleigh  Hill  lies  Meredith  village,  which  is 
also  at  the  end  of  the  noHhwest  arm  of  the  lake.  The  lowland 
continues  six  or  eight  miles  to  the  summit  on  B.  C.  and  Bf .  R.  R. 
towards  Ashland,  one  hundred  fifty-three  feet,  passing  over  a  body 
of  water  called  formerly  Measly  Pond   and  latterly  Waukewan 
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Lake.  The  hills  on  the  west  side  of  Waakewan  rise  four  hundred 
feet  or  more  above  the  main  lake. 

Passing  to  Sandwich  through  Centre  Harbor,  the  rim  lies  be- 
tween Lake  Squam  and  the  tributaries  of  Winnipiseogee.  The 
lowest  point  in  Centre  Harbor  is  one  hundred  and  sixty  feet,  in  a 
depression  about  the  centre  of  the  townsliip.  Between  Long  Pond 
and  Squam,  the  height  cannot  be  more  than  about  forty  feet.  The 
lowest  point  in  the  rim  of  the  basin  is  here.  Squam  Lake  is 
about  one-third  the  size  of  Winnipiseogee,  and  flows  into  Little 
Squam  Lake,  and  thence  about  tluee  miles,  through  a  narrow  tor- 
tuous valley  with  steep  sides,  to  the  Pemigewasset  River  at  Ashland. 
Between  Squam  Lake  and  Ossipee  Mountains  the  country  is  low, 
with  a  few  small  ponds  lying  in  hollows  of  the  drift.  The  lowest 
point  I  can  find  is  in  Sandwich,  two  hundred  and  nineteen  feet,  and 
scarcely  any  hill  in  the  low  country  to  the  east,  towards  Saco 
River,  will  rise  to  four  hundred  feet  above  the  lake. 

Passing  south  the  Ossipee  Mountains  succeed,  attaining  an  al- 
titude of  at  least  fifteen  hundred  feet.  To  the  sonth  the  two  low- 
est points  are  at  the  crossing  of  the  divide  by  the  Wolfsboro  branch 
railroad,  say  two  hundred  and  fifty  feet,  and  the  ridge  leading  to 
Merrj'meeting  Lake,  which  is  alK>ut  the  same.  The  steep  hill  east 
of  Alton  Ba}'  is  four  hundred  and  forty-seven  feet  above  the  lake. 

The  height  of  the  divide  between  Alton  Bay  and  the  waters  of  the 
Gocheco  River  is  only  seven tj'-two  feet ;  the  west  side  of  the  Alton 
Bay  valle}'  is  from  seven  hundred  to  eight  hundred  feet  above  the 
lake  or  six  hundred  and  twentj'-seven  at  the  lowest  point.  Pass- 
ing northerly  succeed  the  mountains  of  the  Belknap  range,  the 
highest  attaining  an  altitude  of  one  thousand  nine  hundred  and 
sixty-nine  feet.  About  two  miles  south  of  the  present  outlet  the 
divide  must  be  only  eighty  feet  above  the  lake.  The  highest  point 
north  of  this  valley  before  coming  to  the  outlet  is  one  hundred  and 
twenty-one  feet. 

The  prominent  lowest  points  in  the  rim  are  therefore  the  fol- 
lowing : — 

Feet. 
Ashland  ridge, .        .        153 

Centre  Harbor  ridge  to  Squam, 160 

Squam  Lake'by  Long  Poud,       ......  40 

Ridge  to  Saco  waters, 219 

Ridge  to  Cocheco  Kiver,    .        .                .        .        ,        .  72 

Old  oQtlet  in  Gilford,                 80 
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Hence  a  rise  of  the  Winnipiseogee  Lake  forty  feet  would  cause  a 
flow  into  Squara  Lake  ;  a  rise  of  eighty  feet  would  allow  water  to 
flow  both  into  the  Gocheco  and  what  appears  to  be  an  old  outlet 
through  Gilford,  towards  Lake  Village.  A  rise  of  one  hundred 
and  fifty-three  feet  would  be  required  to  make  a  direct  connection 
with  the  Pemigewasset  valley,  the  route  via  Squam  Lake  being 
very  tortuous. 

The  existing  outlet  is  an  interesting  stream.  It  expands  imme- 
diately after  leaving  the  lake  into  Long  Pond,  being  navigable  for 
steam  tugs,  through  the  passage  way.  The  dam  of  the  Lake  Com« 
pany  at  Lake  Village  prevents  further  navigation,  but  in  a  mile  or 
two  it  expands  and  sends  off  two  bays,  called  Winnisquam  Lake 
and  Round  Bay.  There  are  two  more  expansions  in  Belmont,  Til- 
ton  and  Northfleld,  called  Sanbornton  and  Little  Bays.  The  water 
then  descends  rapidly  to  the  Pemigewasset  at  Franklin,  the  two 
streams  combined  becoming  the  Merrimac.  The  total  descent 
of  the  outlet  for  its  fourteen  miles'  course  is  one  hundred  and 
seventy-three  feet.  It  flows  almost  entirely  over  the  hard  pan  or 
glacier  drift  deposits,  and  seems  to  have  made  no  terraces  above 
fifteen  or  twenty  feet  in  altitude.  No  others  exist  above  the  west 
corner  of  Belmont,  and  those  seem  to  have  been  formed  in  con- 
nection with  the  Pemigewasset. 

The  striking  feature  of  this  lake  border  is  the  absence  of  ter- 
races. The  banks  are  chiefly  of  glacial  drift.  The  few  terraces 
that  may  be  seen  are  of  limited  rise.  The  following  are  the  prin- 
cipal ones : — 


At  Alton  Bay  two, 
West  Alton  two  places, 
Several  places  In  Gilford, 
Plain  of  Laconia,  perhaps 
Meredith  Village, 
Moultouboro, 
Wolfsboro, 
Centre  Harbor  Village, 


55  and  75  feet 

76  and  100  feet. 

10,  31,  47  and  80  feet. 

10  to  12  feet. 

5,  15,  23  and  80  feet. 

75  feet. 

25  feet  and  more. 

8  to  10  feet. 


Periods  in  the  History,  We  can  trace  no  less  than  ten  periods 
in  the  history  of  this  lake  basin. 

1.  Period  of  the  deposition  of  the  Porpliyritic  Gneiss  or  Gran- 
ite. This  is  the  oldest  formation  in  the  state.  A  range  of  it 
starts  southerly  from  "Waterville  and  proceeds  southeasterly  to 
Mt.  Prospect  in  Holderness.  •  Thence  it  courees  more  southerly, 
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proceeding  to  New  Hampton  Centre  Village.  In  this  vicinity  it  is 
developed  more  perfectly  than  in  any  other  part  of  the  state.  At 
this  village  it  makes  a  sharp  turn  eastward  to  Mei'edith  Village 
thence  northeasterly  nearly  to  Sqnam  Lake  in  the  extreme  north- 
east part  of  Centre  Hai'bor.  It  then  makes  another  sharp  turn 
down  both  sides  of  Meredith  or  Northwest  Cove  and  appears  also 
on  the  islands  off  Weirs  and  the  north  part  of  Gilford.  It  now 
rapidly  diminishes  in  width  and  is  covered  up,  though  appearing 
again  in  West  Alton,  and  is  last  seen  in  the  south  part  of  Alton. 

2.  Winnipiseogee  Lake  Gneiss  Formation.  This  is  a  granitic 
gneiss  filled  with  segregated  veins  and  has  not  yet  been  observed 
away  from  the  vicinity  of  the  lake.  It  does  not  appear  upon  any 
mountains,  nor  in  bluffs ;  and  has  everywhere  been  greatly  de- 
nuded so  that  its  ledges  are  inconspicuous.  It  joins  the  first 
named  rock  everywhere  on  the  east  and  covers  it  in  Alton.  The 
strata  are  highly  inclined  and  sometimes  inverted. 

3.  White  Mountain  Series.  This  rock  is  often  characterized  by 
the  presence  of  andalusite.  It  crops  out  in  Gilford  and  Alton  and 
bounds  the  lake  gneiss  on  the  east  where  the  Junction  is  not  ob- 
scured by  overlying  formations. 

4.  The  next  great  period  may  represent  the  time  of  the  Eleva- 
tion and  perhaps  Metamorphosis  of  the  three  groups  already  enum- 
erated. We  possess  no  decided  evidence  to  show  that  these  thi^ee 
groups  are  unconformable  with  one  another.  The  presumption  is 
that  these  groups  belong  to  the  Lauren tian  system  ;  they  arc  cer- 
tainly Eozoic. 

5.  Eruption  of  the  Granites  of  the  Ossipee  Mountains.  In  a 
paper  presented  last  year,  a  description  was  given  of  the  rocks 
among  the  White  Mountains ;  where  it  was  stated  that  the  up- 
turned edges  of  the  White  Mountain  series  were  covered  first  by  a 
layer  of  coarse  granite  and  then  by  a  spotted  granite.  Both  these 
varieties  are  found  in  the  Ossipee  Mountains,  and  in  a  similar 
stratigraphical  position. 

6.  Deposition  of  Felsites  or  Compact  Feldspars.  Enormous 
thicknesses  of  variously  colored  felsites  cover  the  spotted  granite 
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of  Ossipee  and  form  the  sunitnitB  of  the  pile  of  monntains.  None 
of  the  OssipytejtL  compound  of  labradorite  and  chrysolite,  bas^'et 
been  seen.  These  granites  and  felsites  together  constitoite  a  great 
syslem  of  formations  which  I  suppose  are  the  equivalents  of  the 
Labrador  system  of  Logan.  He  has  not  given  the  limits  of  liis 
system,  but  I  retain  the  name  suggested  by  him,  for  the  system  of 
granites  and  compact  feldspars  developed  so  finely  in  New  Hamp- 
shire. There  is  an  extensive  mass  of  granite  in  Wolfsboro  and 
New  Durham  which  may  be  connected  with  the  Labrador  system, 
but  its  relations  have  not  yet  been  made  out  with  certainty. 

7.  Eitiption  of  Sienite.  The  Belknap  Mountains,  certain  peaks 
in  Alton,  Diamond  Island  and  probably  Rattlesnake  Island  in 
Winnipiseogee  Lake,  and  Red  Hill  in  Moultonboro  and  Sandwich, 
are  composed  of  sienite  of  various  textures,  which  seems  to  have 
been  erupted  after  the  deposition  of  the  fel sites.  Its  age  is  shown 
by  the  fact  that  it  cuts  the  ossipyte  in  Waterville. 

8.  Deposition  of  Mica  Schist.  This  formation  is  enormously 
developed  in  Strafford  and  Rockingham  counties,  touching  the  lake 
only  at  Alton  Bay.  It  evidently  covers  all  the  formations  thus  far 
specified. 

This  is  the  last  of  the  solid  rocks  in  this  area.  There  succeeds 
an  enormous  interval  of  time  of  which  we  have  no  record  in  New 
Hampshire.  The  country  must  have  been  elevated  so  that  no  de- 
posits could  be  formed.  The  interval  embraces  the  principal  por- 
tion of  the  fossiliferous  rocks. 

9.  Olacier  Period.  The  phenomena  of  this  age  about  the  lake 
are  strise,  embossed  ledges,  pot  holes,  beds  of  clay,  bowlder  drift, 
etc. 

The  courses  of  the  strite  usually  agree  with  the  course  of  the 
valle}',  or  from  S.  25°-30°  E.  The  following  are  compass  courses 
of  a  number  that  I  have  measured : 


Ashland  Village, 

Centre  Harbor,  commouly, 

Holderness,  top  Prospect  Mt., 

New  Hampton  Village,       .        .        .        • 

New  Humpton  Centre,        .... 

New  Hampton,  N.  E.  part,  above  clay  bed, 

New  Hampton  Harper's  Hill, 


S.  SCO  E. 
S.  80*»  E. 
S.  25°  E. 
S.  40°  E, 
S.  30°  E. 
S,  25°  E. 
S.  40«>  E. 
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Line  between  K.  Hampton  and  Meredith,          • 

S.  26°  E. 

Hill  N.  W.  from  Meredith  Village, 

S.  30*>  E. 

**    »•     *'    below  summit,            .... 

S.  250  E. 

East  of  Lon^  Pond,  N.  Hampton,      .        .        .        . 

S.  25°  E. 

Meredith  Centre 

s.  150E. 

Highest  hill,  Meredith  Neck,       .... 

S.  30°  E. 

Advent  church,  M.  Neck, 

S.  80°  E. 

Line  between  Meredith  and  Centre  Harbor, 

S.  28°  E. 

Gilford,  hill  N.  E.  from  Lake  Village, 

S.  23°  E. 

Gilford,  north  part,  on  lake, 

S.  25°  E. 

"        N.  E.  part, 

S.  30°  E. 

Alton  Bay,  ridge  west, 

S.  30°E. 

Alton,  east  town  line,          .••••. 

S.  30°E. 

»«      farther  west, 

S.  25°  E. 

New  Durham,  commonly, 

S.  30°E. 

The  striflB  at  the  north  and  south  ends  of  the  hjdrographic 
basin  differ  from  those  just  enumerated. 

Down  the  valley  of  Baker's  River,  from  Warren  through  WentwortHto 

W.  Rumney,  south  nearly. 

Rumney,  varying  slightly  with  valley,       .        .        .  S.  40°  E. 

Plymouth  Village, S.  50°  E. 

Holderness,  Shepard^s  Hill,        .        .        •       .        •  S.  50°  E. 

Holderness,  Squam  Mountain, S.  50°  £. 

Sandwich,  west  part, East. 

Near  Tuftonboro  Corner,             N.  80°  E. 

These  observations  indicate  that  ice  moved  down  the  valley  of 
Baker's  River  in  a  southerly  direction,  but  when  the  course  of  the 
valley  changed  the  ice  went  with  it,  and  passed  southeast,  and 
finally  easterly  over  Plymouth,  Squam  Lake  and  to  the  north  of 
Ossipee  Mountains.  After  the  ice  had  commenced  moving  east* 
erly  it  continued  in  that  direction,  passing  out  of  the  Pemigewas- 
set  valley,  and  that  even  though  it  climbed  the  Squam  Mountains. 
Facts  are  wanting  to  show  whether  the  ice  continued  to  move  east- 
erly after  passing  the  Ossipee  Mountains.  Unless  these  easterly 
courses  were  made  in  the  decline  of  the  ice  period,  a  portion  of  it 
must  have  been  deflected  by  the  Ossipee  Mountains  so  as  to  exca- 
vate the  S.  30®  E.  groovings  along  the  lake  valley. 

We  bad  supposed  the  ice  continued  in  its  southerly  course  after 
passing  the  lake  basin,  but  a  recent  observation  in  Tuftonboro 
indicates  that  it  turned  again  to  the  east  passing  up  the  water-shed 
between  the  lake  and  Ossipee  River.  It  is  possible  this  easterly 
course  was  induced  by  the  blocking  up  of  the  direct  path  by  the 
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low  summits  of  Cropplecrown,  Moose  Mountain,  etc.,  about  Mid- 
dleton.  In  that  cade  part  of  the  ice  may  have  moved  more  east- 
erly and  part  more  westerly,  so  as  to  correspond  with  the  common 
direction  of  the  striae*  in  southern  New  Hampshire. 

Pot  Hole,  On  Beach  Hill,  New  Hampton,  there  is  a  pot  hole 
worn  out  of  th^  rock,  about  four  feet  deep  and  two  feet  in  diam- 
eter, at  an  elevation  of  four  hundred  feet  above  the  lake.  It  is 
not  in  the  line  of  any  river  course.  People  in  the  neighborhood 
ascribe  it  to  the  handiwork  of  Indians.  It  seems  to  belong  to  that 
class  of  pot  holes  in  New  England,  which  were  made  by  ton*ents 
of  water,  falling  through  crevasses  in  the  ice  of  the^glacier.  My 
father  ascribed  them  to  the  action  of  ancient  river  courses,  poste- 
rior to  the  drift  period,  and  therefore  inferred  an  immense  erosion 
of  rock,  sufficient  to  have  removed  the  rims  of  the  ancient  valleys.^ 
It  seems  to  me  much  better  to  assume  a  different  theory  for  their 
excavation,  and  then  we  can  avoid  the  difficult  conclusion  involved 
in  the  other  supposition. 

Clay  Beds,  The  discovery  of  two  beds  of  clay  situated  in  the 
glacier  drift  in  New  Hampton  and  Laconia  presents  a  phase  of 
glacial  action  never  before  mentioned,  so  far  as  I  am  informed. 
It  is  not  the  bowlder  clay,  but  a  finely  stratified  deposit  without 
stones  and  covered  over  by  earth  containing  striated  bowlders. 
The  first  is  at  Weirs,  a  steamboaC  pier  connecting  with  the  Bos- 
ton, Concord  and  Montreal  Railroad.  It  is  about  one  hundred 
feet  thick,  with  the  base  nearly  at  the  level  of  the  lake.  It  is 
stratified  throughout,  and  no  bowlders  can  be  found  in  it,  save 
what  may  have  fallen  from  above.  It  is  extensively  excavated  for 
the  manufacture  of  bricks.  Perhaps  its  area  is  oval  in  shape, 
forty  rods  in  diameter.  The  bed  in  New  Hampton  is  smaller,  but 
more  elevated,  being  five  hundred  and  fifty-five  feet  above  the  lake 
or  ten  hundred  fifty-six  above  the  ocean.  It  is  four  hundred 
feet  above  the  ridge  between  Ashland  and  Meredith,  and  its 
drainage  goes  into  the  Pemigewasset.  We  pass  four  hundred  and 
thirty-three  feet  below  the  base  of  the  clay  towards  the  river  be- 
fore reaching  any  stratified  sand,  the  area  between  being  occupied 
by  the  unmodified  glacial  drift.  The  clay  in  New  Hampton  falls 
quickly  into  small  angular  pieces,  when  dug  into,  as  if  it  had  been 
>  Geology  of  Vermont,  toI.  I,  p.  216. 
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compressed  laterally  by  ice.  The  strata  slope  five  or  six  degrees 
toward  the  valley.  The  second  area  shows  over  one  or  two  acres 
only,  and  the  material  is,  as  before,  utilized  for  the  manufacture 
of  bricks. 

Were  the  first  the  only  instance,  it  could  be  easily  explained  by 
supposing  the  outlet  of  the  lake  had  been  dammed  up  to  the  height 
of  a  hundred  feet,  and  in  the  still  water  resulting  clay  had  been 
deposited.  Essentially  this  explanation,  however,  must  be  re- 
sorted to  for  both  cases.  The  existence  of  ponds  of  water  must 
be  assumed  in  order  to  explain  the  deposition  of  clay.  No  natu- 
ral barriers  now  exist  to  form  the  pond  on  the  New  Hampton  hill. 
The  ice  must  have  constituted  the  barrier,  while  still  in  slow  mo- 
tion southeasterly.  Either  a  deficiency  in  the  material  or  a  partial 
thawing  of  the  ice  may  have  left  a  hole  which  became  filled  with 
water.  In  both  cases  the  hill  rises  considerably  back  of  the  clay. 
This  would  allow  streams  of  water  to  flow  down  into  the  ponds, 
carrying  fine  particles,  which  settle  to  the  bottom,  and  thus  pro- 
duce cla}'.  These  clays  are  therefore  accidental  modified  drift  de- 
posits, produced  during  the  glacial  period.  Had  the  country  been 
covered  by  icebergs  during  the  glacial  era,  such  beds  ought  to  be 
common  among  our  hills. 

10.  The  Ten-ace  Period.  There  are  no  evidences  to  show  a 
submergence  of  the  lake  area  by  the  ocean,  unless  it  be  derived 
from  the  existence  of  fresh-water  smelts,  apparently  o  the  same 
species  with  their  compeers  of  the  salt  water.  No  attempt  has 
yet  been  made  to  find  any  marine  animals  in  this  large  body  of 
water  by  dredging.  The  terraces  seem  to  indicate  several  former 
levels  of  the  lake.  Assuming  this  to  be  true,  we  can  believe  that 
Lake  Winnipiseogee  stood  successively  100,  80,  55,  30,  20,  15  and 
12  feet  above  its  present  level,  but  never  any  higher,  or  at  least 
not  long  enough  to  allow  sand  to  collect  around  the  shores.  Some 
of  these  terraces  may  be  higher  back  among  the  Belknap  Moun- 
tains, but  it  is  only  the  height  of  this  river  terrace  at  its  junction 
with  the  lake  that  indicates  the  former  altitude  of  the  water  level. 

With  the  elevation  of  the  water  one  hundred  feet  the  river  at 
the  Alton  outlet  must  have  been  eighteen  feet  higher  than  now  so 
as  to  prevent  the  egress  of  water.  The  present  outlet  may  have 
been  entirely  closed.     This  we  can  easily  appreciate,  since  the 


Digitized  by  VjOOQIC 


128  B.      MATCRAL  HUTOUT. 

drift  ridge  has  evidently  been  excavated  by  running  water  more 
than  this  amount,  as  is  indicated  by  the  steepness  of  the  present 
banks.  There  may  also  have  been  a  barrier  in  Gilford  to  the  south 
of  the  present  outlet.  Granting  the  existence  of  barriers  in  those 
directions,  the  outlet  must  have  been  through  Squam  Lalce.  Pos- 
sibly tliere  may  have  been  a  barrier  across  the  Squam  River  also, 
where  the  valley  is  narrow,  though  all  loose  material  is  now  re- 
moved from  it.     If  so,  the  outlet  probably  ran  through  Gilford. 

There  is  nothing  to  indicate  the  nature  of  these  barriers  other 
than  has  been  specifie<l.  Considering  the  character  of  the  period, 
it  is  likely  that  there  was  earth  in  Alton  and  ice  in  the  Gilford  and 
Squam  rivers.  When  the  barriers  had  sunk  twenty  feet  more, 
egress  would  have  been  checked  only  in  Gilford.  We  may  8U[>- 
pose  at  this  epoch  that  the  principal  outlet  lay  to  the  south  to  the 
Cochcco  River. .  As  the  lake  sank  more  and  more  there  might  have 
been  terraces  formed  locall}'  at  various  levels,  as  our  figures  seem 
to  indicate.  But  the  level  must  have  sunk  to  less  than  forty  feet 
l)efore  Squam  Lake  could  have  existed  sepaiate  from  Winnipiseo- 
gee,  and  the  outlet  ran  through  its  present  channel.  If  the  drift 
ridge  at  the  Weirs  gradually  sunk  by  erosion,  we  can  understand 
how  the  several  local  terraces  mentioned  above  have  been  forme<l. 
Should  there  be  anotlier  falling  of  the  level  a  new  set  of  terraces 
would  appear,  just  beneatii  the  present  shore  line. 

The  theory  formerly  prevalent  respecting  the  origin  of  terraces 
supposes  that  the  ocean  was  present  to  allow  the  gradual  accumu- 
lation of  sand  and  gravel  beneath  its  retiring  waves.  The  only 
objection  to  this  view,  proper  to  be  mentioned  at  this  stage  of  our 
paper,  is  that  if  terraces  were  made  all  the  way  up  to  one  hundred 
feet  there  is  no  reason  why  others  should  not  exist  at  twice  and 
thrice  that  elevation.  It  is  the  absence  of  these  higher  terraces 
that  led  me  to  examine  the  surface  geology  of  this  region  and  to 
speculate  whether  this  fact  would  not  lead  to  the  abandonment  of 
the  oceanic  theory. 

The  true  theory  seems  to  be  developed  b}'  studying  the  condition 
of  the  neighboring  valley  of  the  Pemigewasset  and  its  connection 
with  Winnipiseogee ;  for  we  have  already  seen  that  forty  feet  rise 
in  the  latter  would  carry  its  waters  into  the  former  valley  via 
Squam  Lake  and  River. 

The  Pemigewasset  and  Merrimac  rivers  make  an  inclined  plane 
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from  the  height  of  about  ^ve  hundred  feet  (the  same  with  the  lake) 
at  Plymouth  to  the  ocean.  The  highest  banks  of  sand  of  appar- 
ently fluviatile  origin  connected  with  the  stream  are  the  following. 
In  most  cases  the  measurements  have  been  made  with  an  aneroid 
barometer  and  may  be  regarded  as  approximations  only  to  the 
tnith. 

HEIGHTS  OF  TERRACES  ABOVE 

RIVKR.  LAKK  W.  OCEAN. 

Plymouth 1:U  J3I  gH 

AHhlaiHl ?15i  121  e2J 

New  Hampton ?-2«0  »ll  812 

N.Sanbornton 400  ifJW  751 

Krnnklin 340  HO  belovr  470 

Conr^ml 125  50  below  450 

Maiiche»iter 60  to  IlOCfnlls)        2^0  below  250 

Liawreoce 20 

Connected  with  these  ara  a  few  others  of  interest. 

Holdernes8(tributai7) lU  322  823 

I'riucipiil  terrace  east  of  Plymouth  .* 13&  61  562 

Height  of  rim  between  Sqiiam  and  Wiiml- 1 

pi'«eoK'*e                                                   i  40  541 

Watershed  in  Ashland ?1S6  ]53  (»4 

Terraces  in  Belmont 170  150  650 

Perhaps  the  following  generalizations  may  be  drawn  from  these 
figures : 

1.  The  highest  level  of  sand  or  terrace  descends  rapidly  from 
Plymouth  to  the  ocean  and  more  rapidly  than  the  river  itself. 

2.  The  terraces  near  the  ocean  are  not  so  much  elevated  above 
the  river  as  those  higher  up  the  stream. 

3.  There  is  higher  sand  in  New  Hampton  than  in  Plymouth  and 
Holderness,  farther  north  ;  nevertheless,  a  tributary  in  Ilolderness 
holds  about  the  same  height,  but  this  of  itself  does  not  necessarily 
prove  the  presence  of  the  Pemigewasset  water  at  this  level.  The 
sand  is  also  greater  in  amount  as  well  as  height.  It  will  be  also 
noticed  that  the  New  Hampton  sand  is  one  hundred  and  fifty-eight 
feet  higher  than  the  Ashland  water-shed  leading  to  the  lake,  while 
the  Ashland  sand  is  thirty-two  feet  lower  than  this  ridge.  Why 
then  should  the  sand  have  accumulated  in  New  Hampton  higher 
than  this  watershed?  We  should  naturally  expect  the  stream  to 
have  gone  over  to  the  lake  and  carried  the  sand  with  it. 

It  seems  clear  that  water  must  have  gone  to  the  lake  through 
this  Ashlnnd-Meredith  valley,  for  that  is  the  direct  course  of 
the  stream  from  north  to  south,  and  it  may  be  that  it  carried  sand 
also,  since  the  terrace  does  not  rise  so  high  at  Ashland  as  below. 
There  is  no  detritus  upon  the  lower  side  of  the  water-shed.  The 
valley  is  entirely  devoid  of  all  loose  material. 
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Water  at  the  height  of  eight  hundred  and  twelve  feet  would  also 
flow  into  Winnipiseogee  through  Squam,  but  would  carry  no  mate- 
rial with  it,  as  the  course  is  tortuous  and  northeasterly. 

Inspection  of  a  map  will  show  a  great  bend  in  the  Pemigewasset 
just  below  Ashland.*  This  may  explain  the  unusual  accumulation 
of  sand  in  New  Hampton  ;  for  when  a  river  passes  around  a  bend 
there  is  always  a  deposition  of  sediment  held  in  suspension.  With 
a  powerful  stream  filling  the  valley,  coming  down  from  the  north, 
there  would  be  an  immense  amount  of  sand  which  would  be  checked 
by  this  point  of  land  and  deposited.  The  most  noticeable  mass 
of  sand  in  New  Hampton  is  arranged  much  like  a  terminal  moraine 
just  as  might  be  expected  u[)on  this  view. 

4.  The  terraces  upon  Winnipiseogee  River  are  quite  different 
from  any  upon  the  Pemigewasset.  Above  Belmont  they  do  not 
exceed  fifteen  feet  in  height.  On  the  Mill  Stream  in  the  west  cor- 
ner of  Belmont  the  terraces  are  six  hundred  and  fifty  feet  above 
the  ocean  and  one  hundred  and  seventy  above  the  river  and  they 
are  continuous  hence  on  either  side  to  the  Merrimac  valley,  while 
the  river  almost  uniformly  flows  over  hard  pan. 

These  facts  offord  the  inference  that  these  high  terraces  in  Bel- 
mont, Northfield  and  Sanbornton,  are  made  by  the  Pemigewasset 
back  water  and  not  by  the  Winnipiseogee.  It  would  result  from 
this  view  that  the  outlet  of  the  lake  la}'  in  some  other  direction 
at  the  time  of  the  formation  of  these  higher  terraces  and  that  a 
barrier  kept  back  the  river  water  from  commingling  with  the  lake. 
The  terraces  agree  nearly  in  height  with  the  Ashland-Meredith 
water  shed.  If  we  suppose  the  waters  of  the  Pemigewasset  poured 
freely  into  the  Winnipiseogee  basin  through  the  Squam,  Ashland 
and  the  outlet  avenues,  at  the  height  of  one  hundred  and  fifty  or 
one  hundred  and  seveniy-five  feet,  we  can  understand  why  the 
main  stream  still  went  down  the  Merrimac,  as  the  land  descended 
more  rapidly  in  that  direction. 

We  conclude  that  the  outlet  made  only  small  terraces,  while 
the  upper  sands  must  be  referred  to  the  high  water  of  the  Pemige- 
wasset. The  connections  through  the  several  avenues  would  not 
be  such  as  to  carry  detritus  to  the  still  water  of  the  lake. 

o.  In  general,  therefore,  without  pointing  out  further  details,  we 
may  refer  the  origin  of  the  Merrimac  terraces  to  the  action  of 
the  river  alone  without  the  necessar}'^  presence  of  the  ocean.  This 
conclusion  agrees  with  the  generalizations  of  Prof.  J.  D.  Dana, 
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respecting  the  origin  of  river  terraces.  The  flnviatile  origin  of 
the  Merrimac  valley  sands  has  been  for  many  years  a  favorite 
topic  of  conversation  with  Hon.  S.  N.  Bell  of  Manchester^  N.  H., 
elected  to  this  Association  in  1853.  It  was  in  consequence  of 
suggestions  from  him  that  I  was  led  to  understand  the  proper 
source  of  the  Menimac  sands,  and  to  compare  them  with  the 
scanty  surface  deposits  about  Winnipiseogee  Lake.  Mr.  Bell  also 
accompanied  me  in  exploring  the  borders  of  the  lake. 


Note  upon  the  Cretaceous  Strata  of  Long  Island.      By  C.  H. 
Hitchcock,  of  Hanover,  N.  H. 

Upon  a  geological  map  of  the  United  States  recently  prepared 
by  myself,  with  the  cooperation  of  W.  P.  Blake  for  the  western 
portion,  and  published  in  the  third  volume  of  the  *'  Report  of 
the  Ninth  Census,"  I  have  represented  the  north  shore  of  Long 
Island  as  Cretaceous.  "  The  American  Journal  of  Science  and 
Arts  "  in  noticing  this  map  (III,  Vol.  vi,  p.  66)  recommends  cer- 
tain improvements  for  future  editions ;  one  of  which  is  ^'  to  take 
away  the  green  color,  which  means  Cretaceous,  from  the  whole 
of  the  north  side  of  Long  Island,  no  facts  making  the  region  Cre- 
taceous." 

With  attention  thus  pointedly  drawn  to  the  subject  I  have  re- 
called the  reasons  for  representing  this  portion  as  Cretaceous. 
Notwithstanding  the  evidence  is  so  probable  in  its  favor,  it  is 
surprising  to  observe  that  mine  is  the  first  published  map  that 
colors  this  area  correctly.  It  is  represented  either  as  Tertiary  or 
alluvial  upon  the  geological  map  of  the  "  New  York  Geologists," 
1842,  upon  my  father's  and  Marcou's  map  of  the  United  States, 
1853,  upon  II.  D.  Rogers'  map,  1858,  and  upon  Sir  W.  E.  Logan's 
map  of  Canada  and  the  adjacent  portions  of  the  United  States, 
1868,  the  latter  part  having  been  prepared  under  the  supervision  of 
Prof.  James  Hall. 

W.  W.  Mather,  in  his  report  upon  the  Geology  of  the  First 
District  of  New  York,  pp.  272,  273,  states  that  what  he  has  called 
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"  Long  Island  Division  "  must  be  Cretaceous.  Tbe  following  is 
his  language :  "  It  follows  from  these  facts,  that  the  lower  part  of 
the  Long  Island  Division,  embracing  the  white,  mottled,  red  and 
pyritous  clays,  with  their  associated  beds  of  gravel,  conglom- 
erate and  sand  containing  lignite,  are  geologically  equivalent  to 
the  beds  in  New  Jersey  called  by  Prof.  H.  D.  Rogers  the  "  Potter's 
clay  formation,"  and  to  the  lower  division  called  by  others  the 
"  green  sand  formation,"  **  Ferruginous  sand  formation.  Creta- 
ceous formation,"  etc. ;  and  that  the  overlying  loams  and  clays 
containing  the  green  earth  with  associated  sands,  gravel,  etc.,  are 
equivalent  to  the  green  marl  deposit,  or  to  the  tertiary,  or  perhaps 
to  l)Oth  those  periods." 

Prof.  IL  D.  Rogers  makes  no  reference  to  these  rocks  in  his 
New  Jersey  Report.  Nor  does  Prof.  G.  H.  Cook,  the  present 
State  Geologist,  though  he  favored  me  with  a  letter  affirming  his 
belief  in  the  Cretaceous  age  of  this  formation.  An  inspection 
of  his  map  shows  this  division,  called  *'  Plastic  clays,"  coursing 
from  Wilmington,  Del.,  to  the  vicinity  of  Philadelphia  and  Tren- 
ton, and  thence  direct  to  Statcn  Island.  The  strike  prolonged  a 
short  distance  impinges  upon  the  west  end  of  the  Long  Island 
Division.  Hence  from  geographical  distribution  we  should  expect 
to  find  this  Plastic  clay  into  Long  Island. 

Furthermore,  both  the  Plastic  clay  and  the  Long  Island  Divi- 
sion contain  much  lignite,  and  are  fresh  water  accumulations, 
while  the  Terliaries  are  of  marine  origin.  This  feature  will  sep- 
arate the  rocks  under  consideration  from  everything  else. 

I  have  information  that  E.  Lewis,  Jr.,  of  Brooklyn,  L.  L,  has 
recently  discovered  Cretaceous  fossils  in  this  group ;  which  will 
soon  be  described  in  the  Popular  Science  Monthly.  Dr.  Newberry 
has  also  discovered  Cretaceous  plants  upon  the  Island.  I  may  add 
that  I  delivered  a  lecture,  in  the  winter  of  1869,  before  the  Long 
Island  Historical  Society  upon  the  "  Geological  History  of  Long 
Island,"  in  which  the  Cretaceous  age  of  this  clay  and  sand  deposit 
was  affirmed  to  be  as  stated  above.  The  essential  facts  oC  this 
lecture  were  stated  also  before  the  Lyceum  of  Natural  History  in 
New  York,  the  same  week. 

Note.—  While  this  paper  is  passing  througli  the  press,  I  observe  that  Prof.  Dana  has 
niodiflcd  the  statement  quoted  above  In  the  October  number  ol'  tlie  Journal,  to  the  effect 
that  tlie  Report  ol'Pror.  JSIuther  affords  a  suflicieut  reason  for  the  representation  of  the 
Cret^tceous  ux>on  Long  It^Iand. 
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Artificial  Shell  Heaps  ob^  Fresh- water  Mollusks.     By  C.  A. 
White,  of  Biiinswick,  Me. 

The  characters  of  the  Kjoekkenmoedding  or  shell  heaps  of 
marine  coasts,  both  of  Europe  and  America,  are  too  well  known 
to  need  explanation  in  this  connection,  but  the  fact  that  similar 
accumulations  are  common  upon  the  banks  of  the  interior  rivers  of 
the  United  States  is  not  so  well  known.  It  is  true,  however,  that 
Atwater,  Brinton  and  Wyman  have  at  different  times  published 
notices  of  artificial  accumulations  of  the  shells  of  fresh-water  mol- 
lusks. Although  Professor  Wyman*s  observations  were  made  with 
his  usual  great  accuracy  and  care,  the  accumulations  he  ^escribed 
were  so  near  the  sea  coast  (in  Massachusetts  and  Florida)  that 
the  report  he  gave  of  them  did  not  seem  to  attract  that  distinctive 
attention  which  they  merited.  Consequently,  it  was  then  hardly 
suspected  that  the  former  aborigines  of  North  America  made 
habitual  use  of  fresh- water  mollusks  for  food. 

Observations  made  by  the  writer,  during  the  five  years  just 
passed,  along  the  Mississippi  and  its  tributaries,  in  the  states  of 
Minnesota,  Iowa,  Illinois,  Missouri  and  Indiana,  establish  a  knowl- 
edge of  the  fact  that  shell  heaps  of  the  kind  referred  to  are  very 
common  ;  and  that  the  mollusks,  whose  shells  are  thus  accumulated, 
belong  almost  w^holly  to  the  family  Naiades  and  mainly  to  the 
numerous  species  of  Unio  prevalent  in  those  waters. 

In  general  character  these  fresh-water  shell  heaps  resemble  those 
of  marine  coasts  but  they  are  usually  not  so  extensive.  They 
vary  in  extent  from  a  few  bushels  of  shells  to  accumulations  from 
fifty  to  a  hundred  yards  long,  four  or  five  yards  broad  and  from  a 
few  inches  to  a  yard  or  two  in  thickness.  They  are  usually  located 
upon  the  immediate  bank  of  the  river,  sometimes  a  little  below  and 
sometimes  above  the  reach  of  the  highest  floods. 

Although  many  of  these  heaps  have  been  examined  so  far  as  to 
determine  their  real  character,  only  a  few  of  them  have  been  exam- 
ined with  care. 

The  three  most  interesting  of  these  were  found  near  the  villages 
of  Keosauqua,  Sabula  and  Bellevuo,  Iowa;  the  first  upon  the  bank 
of  Des  Moines  Jliver  and  the  other  two  upon  that  of  the  Missis- 
sippi. 

At  the  first  named  locality  the  shell  heap  rests  upon  the  ordi- 
nary  alluvial   soil   of  the  river   bank  and   consists  of  shells   of 
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about  a  dozen  species  of  Uoio  intermixed  witb  silt  derived  from 
the  water  of  the  river  at  the  time  of  its  high  floods,  which  at  inter- 
vals of  a  greater  or  less  number  of  yeare  are  known  to  cover  the 
spot.  All  the  species  of  mollusks  found  in  the  heap  are  now  living, 
in  the  river  close  by,  just  as  they  were  living,  without  doubt,  when 
the  heap  was  formed.  As  they  could  be  obtained  only  at  the 
time  of  low  water  it  was  not  necessary  to  carry  them  to  higher 
ground. 

Upon  digging  into  the  heap,  pieces  of  limestone  from  the  cliff 
near  by  were  found  laid  together,  with  evident  traces  of  fire  upon 
them  and  with  charcoal  and  fragments  of  rude  pottery  scattered 
about  them.  Sharp  flint  flakes,  flint  arrowheads  and  one  green- 
stone axe  were  also  found  in  the  heap. 

The  pottery  was  rudely  ornamented  by  irregular  and  interrupted 
parallel  lines  made  while  the  clay  was  soft,  by  some  pointed  instru- 
ment and  by  having  been  also  impressed  at  different  places  by 
twisted  strings.  It  is  composed  of  coarse  common  clay  intermixed 
with  some  sand  and  slightly  burnt. 

The  bones  of  the  common  deer  {Cervus  Virginiana)  and  snapping 
turtle  {Chelydra  serpentina)  were  also  found  intermixed  with  the 
shells.  The  long  bones  oCthe  deer  were  all  broken  and  split  in  the 
usual  manner,  doubtless  for  the  purpose  of  obtaining  the  marrow. 

At  Sabnla  ten  species  of  Unio  were  recognized  in  the  heaps, 
together  with  bones  of  the  common  deer,  wild  goose  {Bernicla 
Canadensis)^  snapping  turtle,  soft-shelled  turtle  {Trionyx  feroz) y 
cat-fish  {Pimelodus)^  sheep's  head  {Amblodon  gninniens)  and  a  few 
other  undetermined  fragments. 

Fragments  of  the  usual  coarse  pottery  were  also  found  in  the 
heaps  here,  the  clay  of  which  was  intermixed  with  comminuted 
shells.  One  piece  of  it  was  ornamented  by  a  spiral  groove  of  sev- 
eral coils,  making  a  figure  of  oval  outline.  The  same  species  of 
Unio,  and  in  about  the  same  proportionate  numbers  as  are  found  in 
the  heaps,  may  now  be  obtained  living,  from  the  river  close  by.  The 
deer  is  still  occasionally  found  near  there,  and  the  ponds  and  baj*- 
ous  still  afford  the  same  species  of  aquatic  birds,  reptiles  and  fishes, 
the  remains  of  which  are  found  in  the  heaps. 

At  Bellcvue,  eleven  species  of  Unio  and  one  of  Alasmodonta 
were  recognized  in  the  heaps,  all  of  which  still  live  in  the  adjacent 
waters  of  the  Mississippi.     In  these  heaps  were  also  found  flint 
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arrowheads,  pieces  of  pottery  tbe  clay  of  which  had  been  mixed 
with  comminuted  siiells,  and  also  bones  of  the  deer  and  buffalo  (Bos 
Americanus) . 

The  shell  heaps  both  at  Sabula  and  Bellevue  are  smaller  than 
many  others,  but  they  afford  some  peculiarly  interesting  charac- 
teristics. These  consist  in  traces  of  rude  methods  of  cooking  the 
unios  and  other  articles  of  food,  practised  by  those  who  accumu- 
lated the  shell  heaps. 

In  the  argillaceous  soil  upon  the  banks  of  the  river,  numerous 
small  pits  were  dug,  about  half  a  yard  wide  and  of  like  depth. 
These  are  now  found  closely  filled  with  shells  among  which  arc 
fragments  of  the  bones  of  such  animals  as  were  also  used  for  food. 
The  sides  and  bottom  of  the  pits,  as  well  as  some  of  the  shells 
and  bones  they  contain,  show  traces  of  fire  ;  and  pieces  of  charcoal 
were  also  found  in  some  of  them.  The  earth  had  evidently  been 
heated  by  building  a  fire  in  the  pits,  the  mollusks  and  other  food 
then  placed  in  them,  then  covered  and  the  contents  allowed  to 
cook  by  the  retained  heat.  The  fragnents  of  pottery  found  indi- 
cate that  their  vessels  were  of  small  size,  and  they  were  in  conse- 
quence probably  driven  to  this  and  other  rude  methods  of  cookery. 
Such  a  method  of  cooking  must  have  been  very  imperfect,  and  we 
find  that  the  two  valves  of  many  of  the  unios  found  in  the 
pits  still  remain  together,  the  mollusks  having  never  been  eaten, 
indicating  that  the  cooking  was  insufficient  or  that  the  supply  of 
such  food  was  too  abundant  to  require  economy. 

All  the  species  of  vertebrates,  the  remains  of  which  are  found 
in  the  fresh -water  shell  heaps,  are  occasionally  or  habitually  used 
as  food  by  civilized  man,  but  not  so  with  the  fresh- water  mollusks. 
The  latter  were,  however,  the  chosen  food  of  the  people  who  accu- 
mulated the  heaps.  This  is  evident  from  the  fact,  that  they  are 
not  obtainable  at  the  time  of  greatest  scarcity  of  food  for  savage 
men,  namely,  in  winter  and  early  spring,  but  on  the  contrary 
they  are  more  easily  obtained  at  times  when  other  food  is  plentiful. 
Tliat  other  excellent  food  was  obtained  and  eaten  with  the  mol- 
lusks is  proven  by  the  presence  of  its  remains,  as  stated,  in  the 
shell  heaps.  Those  who  accumulated  the  heaps  s^em  to  have  had 
little  or  no  choice  among  the  different  species  of  Unio,  since  their 
relative  abundance  is  about  the  same  in  the  heaps  and  in  the  adja- 
cent waters,  where  they  are  now  living.  In  short  they  seem  to 
have  eaten  all  mollusks  indiscriminately,  the  few  gasteropod  shells 
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(Melantho)  found  in  the  heaps  being  in  about  the  same  relative 
abundance  with  those  now  living.  No  pipes  nor  fragments  of 
any  have  been  found  in  any  of  the  heaps. 

The  following  table  shows  the  species  of  mollusks  and  other 
animals,  the  remains  of  which  were  found  in  the  heaps  and  pits  at 
Keosauqua,  Sabula  and  Bellovne. 

Spkciks  Found  in  the  Shkix  Heaps  of  Kkosauqua, 
Sarula  and  Bkllevuk. 


Species. 


Bellkvue. 


MammaU,    J  Bos  Aniericnniis,      . 
'  Ccrviid  Vii'j(iniHnu9, 


Birds, 
ReptileB. 

Fishat, 


Bernicln  Cnnailensls, 

(  Cholydra  serpentina, 
'  Triunex  ferox,       .    . 


Mollusks. 


[  PimeloiluB  sp., 

'  Aniblodon  gruuniena,       .... 

fMelanUio  (Pnludina)  iiitegia,  Say, 

Uiilo  nesopuB,^>^e/» 

"  anodontohles.  Lea,  .... 

"  cnis.siifl,  Sat/f    ...... 

**     cbonuB,  Lea 

"  gibboHiiH,  Ban}eSt     .... 

♦*  nodosus,  Barnett      .    .    .    , 

•*     oratU8,  Sat/f       

**     pHcatus,  Satf, 

**     pucCulobus,  Lea 

"     rectus,  Lamar k 

**     riigosiiH.  Barnes 

**  tubcrctdatns,  Barnes,  .    .    . 

**     iindntus,  Barnes 

"  vontiicosu?,  Barnes^     .    .    . 


The  important  question  now  arises,  By  what  people  were  these 
shell  heaps  accumulated  and  what  is  their  age?  Those  of  the 
interior  are  doubtless  contemporaneous  with  those  of  the  coast 
and  all  contained  in,  or  connected  with,  both  indicates  that  they 
were  formed  by  people  no  farther  advanced  in  civilization  than 
those  were  who  accumulated  the  Kjookkenmoeddings  in  Europe, 
which  are  usually  referred  to  the  Stone  age.  We  know  also  that 
this  was  the  real  condition  of  the  greater  part  of  the  savage  tribes 
of  North  America  at  the  time  of  its  discovery  by  Columbus. 
Especially  was  that  the  condition  of  the  tribes  that  occupied  the 
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region  in  wbicU  the  shell  heaps  referred  to  in  this  memoir  are 
found,  as  well  as  of  those  that  then  occupied  the  Atlantic  coast. 
Therefore,  there  can  be  little  doubt  that  the  greater  part,  if  not  the 
whole  of  the  sliell  heaps  of  those  regions,  were  formed  by  the  peo- 
ple of  the  tribes  referred  to  and  their  descendants,  even  down  to 
the  occupancy  of  the  land  by  white  people.  It  is  true  that  the 
mounds  of  the  probably  more  ancient  "  mound  builders"  are  often 
found  in  considerable  numbers  in  the  immediate  vicinity  of  the 
shell  heaps  of  the  interior,  and  it  is  probable  that  that  people  may 
have  commenced  some  of  these  accumulations,  but  we  have  thus 
far  no  evidence  of  it.  No  copper,  nor  other  metal,  has  been  found 
in  connection  with  the  shell  heaps,  nor  anything  else  that  suggests 
their  origin  by  people  different  from  those  who  occupied  the  coun- 
try at  the  time  of  the  discovery  by  Columbus. 

From  the  fact  that  the  more  savage  people  change  so  little  as 
regards  their  habits  of  life,  very  little  evidence  of  the  lapse  of 
time  can  be  gathered  from  the  remains  of  their  rude  arts.  There- 
fore it  is  difficult  to  form  a  definite  opinion  in  regard  to  the  age  of 
these  American  heaps.  The  entire  absence  of  all  articles  of  civil- 
ized manufacture,  even  those  that  savages  most  eagerly  secure, 
seems  to  be  very  gooil  evidence,  however,  that  they  are  older 
than  the  date  of  the  discovery.  At  Bellevue,  Sabula  and  the 
Lower  Rapids  of  the  Mississippi  also,  oalv  and  elm  trees  from  two 
to  two  and  a  half  feet  in  diameter  were  found  growing  in  the  soil 
that  had  accumulated  upon  the  shell  heaps.  By  counting  the  rings 
of  annual  growth  of  the  trees,  the  age  of  the  heaps  upon  which 
they  grow  is  estimated  to  be  not  less  than  two  hundred  years. 
The  condition  of  the  shells  in  different  heaps  varied  very  much 
according  as  the  soil  covering  them  was  claye}^  or  sandy,  the  pres- 
ervation being  better  in  the  former.  No  evidence  has  been  obtained 
that  any  perceptible  geological  change  has  taken  place  since  the 
accumulation  of  the  fresh-water  shell  heaps  began,  except  the  us- 
ual washing  away  of  the  river  banks  such  as  sometimes  takes  place 
within  a  very  few  years. 

The  habitats,  also,  of  the  mollusks  and  other  animals  whose 
remains  are  found  in  the  heaps,  except  such  as  have  resulted  from 
the  occupation  of  the  countr}'  by  white  men,  remain  unchanged. 
Therefore,  the  conclusion  as  to  their  age  is,  that  while  some  of  the 
heaps  may  be,  and  probably'  are,  very  ancient,  there  has  3'et  been 
no  evidence  obtained  to  prove  them  more  than  a  few  hundred  years 
old. 
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Om  the  Geological  Rklatioks  of  the  Iron  Ores  of  Nova 
Scotia.  By  J.  W.  Dawson,  of  Montreal,  Canada. 
The  iron  ores  of  Nova  Scotia,  long  neglected,  have  recently 
begun  to  attract  the  attention  of  capitalists  to  an  extent  in  some 
degree  commensurate  with  their  importance.  The  magnitude  and 
variety  of  the  deposits,  the  great  richness  of  the  ores,  their  prox- 
imity to  the  Atlantic  and  to  great  deposits  of  coal,  are  all  features 
which  give  them  very  great  economic  value,  and  must  eventually 
cause  them  to  take  no  small  part  in  contributing  to  the  iron  sup- 
ply of  the  world.  My  purpose  in  the  present  paper  is,  with  the 
aid  of  recent  researches  in  which  I  have  been  occupied,  to  give  a 
concise  summary  of  the  geological  position  and  mode  of  occurrence 
of  the  principal  deposits,  and  more  especially  of  those  facts  which 
have  been  developed  since  the  publication  of  my  '*  Acadian  Geol- 

ogy." 

If  we  arrange  these  deposits  in  the  first  place  under  the  two 
heads  ot  Beds  conformable  to  the  stratification  and  Veins^  we  shall 
find  that  the  former  occupy  three  distinct  geological  horizons  — 
that  of  the  Lower  Ilelderberg  or  Ludlow  in  the  upper  part  of  the 
Silurian,  that  of  the  Oriskau}'  at  the  base  of  the  Devonian,  and 
that  of  the  Lower  and  Middle  Carboniferous.  The  latter  occur  in 
altered  rocks,  which  may  be  assumed  to  be  of  Silurian  age,  in  the 
Lower  Carboniferous,  and  at  the  junction  of  these  two  groups  of 
rocks.  We  may  shortly  consider  the  deposits  of  these  several 
kinds  and  ages  in  their  order. 

I.    Bkdded  Orbs. 

(1)  Great  Uemaiite  Bed  of  the  Lower  Uelderherg  Series.  This, 
in  so  fai-  as  at  present  known,  is  most  extensively  developed  in 
the  vicinity  of  the  east  branch  of  the  East  River  of  Pictou,  and 
on  the  upper  part  of  Sutherland's  River.  Here  the  rocks  which 
rise  unconformably  from  beneath  the  Carboniferous  beds  of  the 
Pictou  coal-field  consist,  in  great  part,  of  gray  and  olive  slates, 
usually  coarse  and  unevenly  bedded,  and  with  occasional  calca- 
reous bands,  holding  the  characteristic  fossils  of  the  "  Arisaig 
group,"  a  series  in  Nova  Scotia  equivalent  to  the  Lower  Helder- 
berg  of  American  geologists,  though  in  its  specific  forms  more 
nearly  allied  to  the  English  Ludlow  than  to  groups  of  this  age  on 
the  gieat  inland  plateau  of  America.     These  beds  are  aflfected  with 
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slftty  cleavages,  highly  inclined,  much  faulted,  and  folded  in 
abrapt  anticlinals,  so  that  their  detailed  arrangement  has  not  yet 
been  satisfactorily  traced.  The  great  ore-band,  which  forms  one 
of  the  most  conspicnous  marks  for  unravelling  their  complexities, 
has  been  traced  mainl}'  along  two  distinct  lines  of  outcrop,  both 
somewhat  curved  and  broken,  seeming  to  lie  on  the  opposite  sides 
of  an  anticlinal  axis.  It  has  also  been  recognized  in  two  other 
localities  where  it  must  come  up  on  distinct  lines  of  outcrop,  the 
precise  relation  of  which  to  the  others  has  not  yet  been  ascertained. 

The  ore  bed  is  accompanied  by  a  thick  band  of  olivaceous  slates, 
and  beneath  this  there  appears  hard  ferruginous  quartzite  which 
Dr.  Honeyman  compares  to  the  Medina  sandstone.  Lower  than 
this  and  possibly  unconformable  to  it  are  black  and  greenish  slates 
with  bands  of  quartzite  and  soft  chloritic  and  nacreous  schists 
which  as  yet  have  afforded  no  fossils.  They  are  associated  with 
hard  beds  or  masses  of  rock  rising  into  some  of  the  highest  emi- 
nences, and  which  have  usually  been  described  as  trap,  but  which 
seem  to  consist  for  the  most  part  of  an  indurated  slaty  breccia  or 
conglomerate,  corresponding  very  nearly  in  character  to  the  typi- 
cal graywacke  of  the  older  German  geologists.  These  rocks  may 
be  of  middle  Silurian  age,  though  possibly  in  part  older,  and  we 
shall  meet  with  them  again  in  connection  with  the  great  vein  of 
specular  iron. 

The  ore  bed,  where  most  largely'  developed,  attains  a  thickness 
of  about  thirty  feet,  and  in  places  where  it  has  been  opened  up 
by  exploratory  works,  it  has  been  found  to  afford  from  ten  to 
twenty  feet  in  thickness  of  good  ore.  This  ore  is  a  red  hematite, 
sometimes  compact  and  laminated,  but  more  frequently  of  an 
oolitic  character  occasioned  by  the  arrangement  of  the  peroxide  of 
iron  in  minute  concretions  enveloping  grains  of  sand.  By  the 
increase  of  these  siliceous  grains  it  passes,  in  the  poorer  portions, 
into  a  sort  of  ferruginous  sandstone.  Similar  beds  of  fossiliferous 
ore  are  well  known  to  occur  in  the  Clinton  group  of  New  York 
and  Pennsylvania,  and  Prof.  Hall  informs  me  that  they  are  found 
also  in  the  Lower  Helderberg  series  of  New  York. 

Along  the  different  lines  of  outcrop  above  referred  to,  this  bed 
has  been  traced  for  several  miles,  and  being  of  a  hard  and  resist- 
ing character,  it  rises  into  some  of  the  higher  elevations  of  the 
country.  Though  not  one  of  the  richest  ores  of  the  district,  its 
great   quality  and   accessibility  render  it  highly  important  for 
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practical  purposes.  The  analyses  made  of  it  show  a  percentage 
of  noetal  varying  from  43  to  54  per  cent.  The  foreign  matter  is 
principally  silica,  and  the  proportions  of  phosphorus  and  sulphur 
are  small — one  of  the  specimens  anal^-zed  affording  none  whatever, 
another  '22  phosphoric  acid  and  *29  sulphur.  These  analyses 
were  made  at  the  instance  of  Mr.  E.  A.  Prentice,  now  organizing 
a  company  to  work  this  and  other  deposits  in  tiie  district.  The 
principal  exposures  of  this  bed  are  distant  only  twelve  miles  from 
the  great  collieries  of  the  East  River  of  Pictou,  and  less  than  ten 
miles  from  the  Pictou  and  Halifax  railway.  This  deposit  was 
first  described  by  Mr.  R.  Brown,  in  llaliburton's  History  of  "Nova 
Scotia,"  1829,  and  subsequently  by  the  writer  in  "Acadian  Geol- 
ogy." More  recently  ex[)loratory  works  have  been  carried  on  and 
a  practical  report  made  by  Mr.  G.  M.  Dawson,  Associate  of  the 
School  of  Mines,  London  ;  and  the  bed  has  been  traced  and  col- 
lections of  its  fossils  made  by  Mr.  D.  Frazer,  of  Springville. 

(2)  Hematite  a7id  Magnetic  Iron  of  Nictaux  and  Moose  River, 
This  deposit  takes  us  to  the  other  extremity  of  Nova  Scotia,  and 
brings  us  a  stage  higher  in  geological  time,  or  to  the  period  of  the 
Oriskany  Sandstone.  It  would  indeed  appear  that  the  conditions 
of  ore  deposit,  so  marked  in  eastern  Nova  Scotia  in  the  upper  Si* 
lurian,  were  continued  in  the  Avestern  part  of  the  province  into  the 
Devonian.  In  many  specimens  of  the  Nictaux  ore  the  chief  ap- 
parent difference  as  compared  with  that  of  Pictou  is  in  the  con- 
tained species  of  fossils. 

Where  I  have  examined  this  bed,  it  appears  to  be  six  feet  thick 
and  enclosed  in  slaty  rocks  not  dissimilar  from  those  associated 
with  the  Silurian  ore  of  Pictou.  Recent  explorations  at  Nictaux 
are  said  to  have  developed  extensions  of  this  deposit ;  but  I  have 
no  details  of  them.  As  rocks  of  the  Arisaig  group  are  known  to 
underlie  the  Nictaux  beds,  it  is  not  impossible  that  additional 
beds  of  ore  may  be  found  in  these.  The  normal  condition  of  the 
iron  of  the  Nictaux  bed  is  that  of  peroxide;  but  locally  it  has 
lost  a  portion  of  its  oxygen  and  has  become  magnetic.  This  I 
believe  to  be  a  consequence  of  local  metamorphism  connected  with 
the  immense  granite  dikes  which  traverse  the  Devonian  rocks  of 
this  rrgion. 

Tlie  Nictaux  ore  is  more  highly  fossiliferous  than  that  of  Pictou, 
and  contains  a  larger  proportion  of  phosphate  of  lime.      In   the 


Digitized  by  VjOOQIC 


B.      NATURAL    HI3T0RV.  lU 

attempts  hitherto  made  to  work  this  ore,  the  distance  from  coal 
has  been  a  main  disadvantage,  but  the  construction  of  the 
Windsor  and  Annapolis  railway  has  dimimished  this.  The  Devo- 
nian beds  holding  this  bed  are  described  in  "  Acadian  Geology." 
An  analysis  of  a  specimen  made  many  years  ago  gave  55  per  cent, 
of  iron, 

(3)  Bedded  Ores  of  the  Carboniferous  Si/stem,  The  most  re- 
markable of  these  is  a  bed  of  crystalline  spathic  iron  or  side  rite, 
occurring  in  the  Lower  Carboniferous  series,  near  Sutherland's 
River  in  the  County  of  Pictou.  As  described  by  Mr.  G.  M.  Dawson, 
who  prosecuted  works  of  exploration  in  it  last  year,  it  is  a  con- 
formable bed,  occurring  in  the  Lower  Carboniferous  red  sandstones, 
and  varying  from  six  feet  six  inches  to  ten  feet  six  incljes  in 
thickness.  It  is  accompanied  with  smaller  bands  of  the  same 
mineral,  and  at  no  great  vertical  distance  from  it  is  a  bed  of  gyp- 
sum. Its  mode  of  occurrence  is  on  the  whole  not  dissimilar  from 
that  of  the  non-fossiliferous  sub-crystalline  limestones  which  oc- 
cur in  some  parts  of  the  Lower  Carboniferous  series  associated  with 
the  gypsum.  This  ore  is  a  true  spathic  iron,  granular  and  crystal- 
line in  texture,  and,  when  unweathered,  of  a  light  gray  color.  It 
affords  from  42  to  43  per  cent,  of  iron  and  contains  from  two  to 
eight  per  cent,  of  manganese.  This  bed  is  only  four  miles  distant 
from  the  '^  Vale  *'  colliery,  and  is  intended  to  be  worked  in  associa- 
tion with  the  hematite  already  described,  and  with  the  other  ores 
on  the  East  River  of  Pictou  possessed  by  the  same  proi)rietors. 
From  the  Report  of  Mr.  Andrews  on  the  second  geological  district 
of  Ohio,  it  would  appear  that  similar  beds,  though  on  a  smaller 
scale,  occur  in  the  Lower  Carboniferous  series  of  that  State.  In 
Nova  Scotia  this  bed  is  at  present  altogether  unique. 

Clay  ironstones  occur  in  many  parts  of  the  Nova  Scotia  coal- 
field. In  the  workings  of  the  main  seam  of  the  Albion  mines, 
Pictou,  considerable  quantities  of  nodular  black  ironstone  are  ex- 
tracted, and  will,  no  doubt,  be  utilized.  In  the  beds  under  the 
main  seam  there  are  also  clays  rich  in  ironstone  concretions. 
Beds  with  ironstone  balls  also  occur  in  the  measures  north  of  the 
New  Glascow  conglomerate,  and  one  of  these  is  remarkable  for 
the  fact  that  the  nodules  were  found  by  Dr.  Harrington  to  contain 
nuclei  of  blende,  a  mineral  otherwise  unknown  in  the  carbonife- 
rous of  Nova  Scolia.     No  attention  has  yet  been  given  to  these 
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ores  as  sources  of  iron,  but  it  may  be  anticipated  that  a  demand 
for  them  will  arise  in  connection  witli  the  richer  ores  in  the  older 
formations. 

II.  Ykins  op  Iron  Ore. 

(1)  Great  Sincular  Iron  Veins  of  the  Silurian  Slates  and  Quart- 
zites.  In  a  paper  on  the  metamorpiiic  and  metalliferous  rocks  of 
eastern  Nova  Scotia  in  1848,*  I  mentioned  the  fact  that  the  in- 
land scries  of  metamorphic  rocks  (bounding  the  coast  series  now 
known  as  the  gold-bearing  series)  believed  to  be  of  Upi>er  or 
Middle  Silurian  age,  abound  in  veins  of  specular  iron,  associated 
with  spathic  iron  and  ferruginous  dolomite,  and  occasionally  with 
metallic  sulphides,  and  I  described  some  of  these  deposits.  In 
the  country  eastward  of  Lochaber  Lake,  where  this  same  forma- 
tion occurs,  not  only  are  numerous  small  veins  of  specular  iron 
and  carbonate  of  iron  found  in  it,  but  a  rich  vein  of  copper  pyrites, 
noticed  in  "  Acadian  Geology,"  has  recently  been  opened  up  and 
found  to  be  very  valuable. 

In  most  parts  of  the  region  these  iron  veins,  though  very  nu- 
merous, are  of  trifling  thickness ;  but  in  two  localities  tliey  are 
known  to  attain  to  gigantic  dimensions,  rendering  them  of  great 
economic  importance. 

The  earliest  known  of  these  was  the  great  vein  of  the  Acadia 
mine  in  the  Cobequid  mountains,  discovered  by  the  late  Mr.  G. 
Duncan,  and  on  Avliich  I  reported  in  1845.  These  hills  consist  on 
their  southern  side  of  parallel  bands  of  olive  and  black  slate  with 
beds  of  qnartzite,  all  very  highly  inclined.  The  iron  vein  is  a 
great  irregular  fissure,  extending  for  mafiy  miles  parallel  to  the 
bedding,  and  apparently  accompanying  a  band  of  quarlzite.  It 
contains  in  addition  to  crystalline  and  often  micaceous  specular 
iron  and  magnetic  iron,  large  quantities  of  a  rich  earthy  red  ore, 
which,  from  the  crystalline  planes  which  it  presents,  would  seem 
to  have  been  a  carbonate  of  iron  decomposed  and  oxidized. 
These  iron  ores  are  associated  with  large  quantities  of  a  crystal- 
line ferruginous  dolomite,  allied  in  composition  to  ankerite.  This 
may  be  icgardcd  as  the  veinstone  to  which  the  iron  ores  are  sub- 
ordinate, and  which  in  the  thinner  parts  of  the  vein  occupies 
nearly  its  whole  breadth.     At  the  outcrop  of  the  vein  it  is  in  some 

1  Joni-nal  of  Geological  Society  of  London. 
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places  weathered  to  a  great  depth  into  a  soft  and  very  pure  yellow 
ochre.  Small  quantities  of  sulphides  of  iron  and  copper  and  of 
sulphate  of  barium  are  occasionally  present.  In  addition  to  the 
above,  which  may  be  regarded  as  the  primary  contents  of  the  vein 
there  occur  in  some  parts  of  it  secondary  deposits  of  concretionary 
limonite,  which  have  of  late  years  afforded  a  very  large  part  of 
the  ore  smelted  by  the  Acadia  Company. 

In  some  places  the  thickness  of  this  vein  has  been  found  to  be 
150  feet,  with  intercalated  masses  of  rock,  but  it  is  very  irregular, 
diminishing  occasionally  to  mere  strings  of  aukerite.  It  is  re- 
markable that  in  the  Cobequid  mountains,  which  are  cut  by 
transverse  ravines  to  the  depth  of  about  300  feet,  the  vein  does 
not  appear  to  be  well  developed  in  the  bottom  of  the  ravines,  but 
only  in  the  intervening  heights.  At  first  I  was  disposed  to  ac- 
count for  this  by  supposing  that  the  deposit  is  wedge-shaped, 
diminishing  downward ;  but  I  have  more  recently  been  inclined 
to  believe  that  the  large  development  of  the  vein  is  dependent  on 
differences  in  the  containing  •  rocks  which  have  rendered  them 
harder  and  more  resisting  at  the  points  of  such  greater  dcvelo[)- 
ments. 

With  respect  to  the  age  of  these  beds,  they  must  be  older  than 
the  Lower  Helderberg  rocks  which,  both  at  the  eastern  end  of 
the  Cobequids  and  at  the  East  River  of  Pictou,  rest  upon  them. 
They  arc  on  the  other  hand  probably  newer  than  the  auriferous 
primordial  rocks  of  the  Atlantic  coast.  As  they  have  afforded  no 
fossils  their  age  does  not  at  present  seem  capable  of  more  precise 
definition.  With  regard  to  the  filling  of  the  vein  fissures,  this, 
if  coeval  with  the  metamorphism  of  the  containing  beds  or  im- 
mediately subsequent  thereto,  would  fall  between  the  period  of 
the  lower  Devonian  and  that  of  the  lower  Carboniferous,  or  within 
the  Devonian  age.  The  denudation  connected  with  the  Lower 
Carboniferous  conglomerates  and  the  fragments  contained  in  these 
conglomerates,  seem  to  imply  that  the  ore- bearing  slates  were  then 
in  the  same  condition  as  at  present.  On  the  other  hand  the  Lower 
Carboniferous  sandstones  themselves  contain  in  places  narrow 
veins  of  specular  iron,  which  also  occurs,  as  well  as  magnetic  iron, 
in  the  fissures  of  the  Triassic  trap. 

On  the  west  side  of  the  East  River  of  Pictou,  there  occur  rocks 
precisely  similar  to  those  of  the  Cobequid  range,  of  which  indeed 
they  may  be  regarded  as  an  eastern  continuation,  and  including 
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nn  iron  vein  wliicli  must  be  icgnidetl  as  the  equivalent  of  timt  of 
the  Acadia  mine,  which  it  resembles  perfectly  in  mineral  character 
and  mode  of  occurrence,  differing  only  in  tlie  greater  proportionate 
prevalence  of  the  specular  ore.^ 

In  New  Lairg,  a  few  miles  from  Glengarry  Station,  the  most 
western  portion  of  this  vein  known  to  me  contains  much  anker itc, 
with  strings  of  specular  iron  ;  and  in  large  loose  pieces  there  arc 
indications  also  of  red  ore  which  is  not  visible  in  place.  Farther 
to  the  eastward  on  the  west  branch  of  the  East  River  of  Pictou, 
there  appears  a  band  of  quartzite  thirty  feet  thick  filled  wilh  veins 
of  Limonite ;  but  specular  ore  is  not  found  at  this  place.  Still 
farther  to  the  eastward  and  near  the  east  branch  of  the  East  River 
the  specular  vein  attains  a  very  large  development,  showing  in 
some  places  a  thickness  of  twenty  feet  of  pure  ore.  Its  course  is 
S.  60°  to  70°  E.  or  nearly  coincident  with  that  of  the  containing 
beds  ;  and,  as  on  the  Cobequids,  its  attitude  is  nearly  vertical  and 
it  appears  to  be  thickest  and  richest  in  the  rising  grounds.  In  one 
very  deep  ravine  the  bed  of  quartzite  usuall}-  associated  with  the 
ore  seemed  to  be  wanting,  and  the  vein  was  represented  by  innu- 
merable strings  of  ankcrite,  forming  a  network  in  the  slate.  As 
in  the  Cobequid  vein,  masses  of  magnetic  ore  are  occasionally 
mixed  with  the  specular.  To  complete  the  resemblance,  loose 
masses  of  limonite  are  found  in  the  vicinity  of  the  vein,  giving 
rise  to  the  expectation  that  a  vein  or  veins  of  this  mineral  may  be 
found  to  be  associated  with  the  specular  ore.  The  ores  of  this 
vein  in  Pictou  county  are  nearly  pure  peroxide  of  iron,  containing 
from  sixty- four  to  sixty- nine  per  cent,  of  metal,  and  can  be  ob- 
tained in  great  quantity  from  the  outcrop  of  tlie  vein  where  it 
appears  on  the  rising  grounds. 
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Ideal  Section,  showing  the  general  relations  of  the  Iron  Ores  of  the  East  River  of  Pictou, 

1.  Grcnt  bed  of  Red  IlemaUte. 

2.  Vein  of  Specular  Iron. 

3.  Vein  of  T^lmonito. 

(a)  Cider  Slnte  and  Quartzite  series,  wiUi  Trap,  etc. 

(6)  Lower  llelderberK  lormnlion  and  oilier  Upper  Silurian  rocks. 

(c)  Lower  Carboniferous  of  the  Eiist  Branch  of  East  River. 

«Thi8  vein  wap  first  described  by  the  lale  Mr.  Harlley  in  the  Report  of  the  Gealogl- 
cal  Survey  of  Canada,  l^TL 
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(2)  Limonite  veins  of  the  East  River  of  Pictou.  The  valley  of 
tlie  East  River  of  Pictou  above  Springvillc  is  occupied  by  a  nar- 
row tongue  of  Lower  Carboniferous  rocks,  having  at  one  side  the 
slates  containing  the  ore  last  mentioned,  and  on  the  other  a  more 
disturbed  country  already  referred  to  as  containing  the  great  Lower 
Helderberg  bed  of  hematite.  It  is  highly  probable  that  the  river 
valley  follows  the  line  of  an  old  pre-carboniferous  line  of  fracture, 
denuded  and  partially  filled  with  the  Lower  Carboniferous  beds, 
including  large  deposits  of  limestone  and  gypsum.  At  the  line  of 
junction  of  the  carboniferous  and  older  rocks  on  the  east  side  of  the 
river  occurs  the  great  limonite  vein  of  the  district,  forming  a  vein 
of  contact  of  exceeding  richness  and  value.  It  follows  the  sinuosi- 
ties of  the  margin  of  the  older  rocks,  and  varies  in  thickness  and 
quality  in  different  places,  apparently  richest  opposite  the  softer 
slates  where  these  are  in  contact  with  a  black  manganesian  lime- 
stone, which  here  as  in  many  other  parts  of  Nova  Scotia  forms 
one  of  the  lowest  members  of  the  Carboniferous  series.  The  ore  is 
sometimes  massive  but  oftener  In  fibrous  concretionary  balls  of 
large  size,  associated  with  quarltities  of  smaller  concretionary  or 
"  gravel  "  ore.  In  some  places  the  ore  of  iron  is  associated  with 
concretions  or  crystalline  masses  of  pyrolusite  and  manganite. 

Denuding  agencies  In  the  post-pliocene  period  have  removed 
portions  of  the  vein  and  its  wells,  and  have  deeply  covered  the 
surface  in  many  places  with  debris.  Hence  the  outcrop  of  the 
vein  was  originally  marked  by  a  line  of  masses  of  the  ore  too 
heavy  to  be  removed  by  water.  From  the  analogy  of  the  other 
veins  to  be  mentioned  in  the  sequel  I  was  led  to  believe  that  the 
source  of  these  masses  would  be  found  in  the  Lower  Carboniferous 
rocks,  and  so  stated  tlie  matter  in  the  first  edition  of  "  Acadian 
Geology"  (1855).  Subsequcntl}',  however,  the  vein  having  been 
exposed  in  situ,  and  One  wall  proving  to  consist  of  metamorphic 
slate,  it  was  described  by  Dr.  Honey  man  and  by  Mr.  Hartley  of 
the  Geological  Survey  as  a  vein  in  the  Silurian  rocks.  Still  more 
recently  exploratory  works  conducted  by  Mr.  G.  M.  Dawson,  with 
the  aid  of  Mr.  D.  Fraser,  have  clearly  proved  that  the  vein  follows 
the  junction  of  the  two  formations.  The  ore  of  this  vein  is  of  the 
finest  quality,  affording  from  sixt3'-two  to  sixty-five  per  cent,  of 
metallic  iron.  The  more  productive  portions  of  this  vein,  as  well 
as  of  the  specular  vein  in  its  vicinity,  are  in  the  hands  of  the  par- 
ties already  referred  to,  in  connection  with  the  hematite  bed. 

A.  A.  A.  S.  VOL.  XXII.      B.  (10) 
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(3)  Limonite  of  Shtibenacadie^  Old  Bams  and  BrooJcfield,  At 
tbc  mouth  of  the  Shubenacadie  River,  the  lowest  Carboniferous 
bed  seen  is  a  dark*colored  laminated  limestone,  in  all  prob- 
ability the  equivalent  of  the  mauganesian  limestone  already 
referred  to,  as  well  as  of  the  manganiferous  limestone  of  Walton, 
the  plumbiferous  limestone  of  the  Stewiacke,  and  the  lower  black 
limestone  of  Plaister  Cove,  Cape  Breton.^  This  limestone,  and 
the  sandstones  and  marls  overlying  it,  are  traversed  by  large  fis- 
sure veins,  holding  a  confused  aggregation  of  iron  ores  and  other 
minerals,  as  limonite,  hematite,  gothite,  sulphate  of  barium,  cal- 
cite,  etc.,  some  of  which  appear  sufficiently  large  and  rich  for 
profitable  exploration.  In  the  same  formations,  farther  to  the 
eastward,  at  Old  Barns,  similar  veins  are  found  to  be  largely  de- 
veloped, and  at  Brookfield,  fifty  miles  east  of  the  Shubenacadie, 
and  apparently  near  the  junction  of  the  Lower  Carboniferous  with 
older  rocks,  large  surface  masses  of  limonite  appear  to  indicate  an 
extensive  deposit  of  similar  nature,  but  which  has  not,  I  believe, 
been  yet  so  far  opened  up  as  to  establish  its  practical  importance. 

(4)  Iro7i  Ferns  of  the  Triaasic  Trap.  Veins  of  magnetite  and 
specular  iron  occur  in  several  localities  in  the  great  beds  of  trap 
associated  with  the  Triassic  red  sandstones  of  the  Bay  of  Fund}', 
but  so  far  as  known  these  ores  are  insignificant  in  quantity. 

It  will  be  observed  from  the  above  notes,  that  Avhile  the  iron 
vein  of  the  Cobeqnid  hills  is  at  no  great  distance  from  the  coal- 
field of  Cumberland,  with  which  it  has  now  railway  connection, 
the  still  larger  and  more  important  deposits  of  Pictou  arc  very 
near  to  the  extensive  collieries  of  that  district,  and  to  railway  and 
water  communication,  so  that  every  facility  appears  to  exist  for 
their  profitable  exploration,  and  it  may  be  anticipated  that  they 
will  soon  be  rendered  available  for  the  supply  of  iron  of  superior 
quality,  more  especially  to  meet  the  large  and  increasing  demand 
of  the  Dominion  of  Canada. 

>  See  Acadian  Geolofj. 
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Thb  Froxiuatb  Futdrb  of  Niagara  ;  in  Review  ok  Prof.  Ttn- 
dall's  Leotdrb  thereon.  By  Georob  W.  Holley,  of 
Niagara  Falls,  N.  Y. 

The  distinguished  scientist  whose  writings  have  charmed  so 
many  readers,  and  whose  instructive  and  brilliantly  illustrated  lec- 
tures, during  the  last  winter,  charmed  so  many  listeners  —  Prof. 
John  Tyndall  —  in  the  closing  paragraph  of  a  lecture  on  Niagara, 
delivered  before  the  Royal  Institute  after  his  return  to  England, 
speaks  of  the  future  of  Niagara  in  these  words :  *'  In  conclusion, 
we  may  say  a  word  regarding  the  proximate  future  of  Niagara. 
At  the  rate  of  excavation  assigned  to  it  by  Sir  Charles  Lyell, 
namely,  a  foot  a  year,  five  tliousand  years  will  carry  the  Horse- 
shoe Fall  far  higher  than  Goat  Island.      As  the  gorge  recedes 

*  •     *     it  will  totally  drain  the  American  branch  of  the  river, 
the  channel  of  which  will  in  due  time  become  cultivatable  land. 

•  •     •     To  those  who  visit  Niagara  five  millenniums  hence  I 
leave  the  verification  of  this  prediction." 

With  these  words  for  a  text  it  is  proposed  to  remark  upon  some 
points  in  the  lecture  which,  as  printed  in  the  June  number  of  the 
"Popular  Science  Monthlj'," contains  thirty-nine  paragraphs,  tak- 
ing them  in  reverse  order,  or  from  the  end  to  the  beginning. 

Let  us  first  inquire  how  Sir  Charles  L3'eU  arrived  at  the  con- 
clusion that  the  rate  of  excavation  was  a  foot  a  year.  In  his 
"Travels  in  the  United  States,"  in  1841-2,  vol.  i,  page  27,  he 
says : 

"  Mr.  Bakewcll  calculated  that,  in  the  forty  years  preceding 
1830,  the  Niagara  had  been  going  back  at  the  rate  of  about  a 
3'ard  annuall}',  but  I  conceive  that  one  foot  per  year  would  be  a 
much  more  probable  conjecture.'* 

Thus  we  discover  that  the  rate  suggested  was  the  result  of  a 
conjecture  founded  on  a  guess.  From  certain  oral  and  written 
statements  which  the  writer  has  been  able  to  collect,  he  has,  as 
elsewhere  recorded,^  made  an  estimate  of  the  time  required  to 
excavate  the  present  chasm-channel  from  Lewiston  upward.  In 
tlie  last  hundred  and  seventy-five  years,  certain  masses  of  rock 
have  been  known  to  fall  from  the  water-covered  surface  of  the 

>  In  a  work  quoted  by  Professor  TyndaU  entitled  *^  Niagara,  its  History  and  Geol< 
ogy,  Incidents  and  Poetry." 
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cataract,  and  a  statement  as  to  the  surface  measure  of  each  mass 
was  maile.  In  using  these  data  it  is  supposed  that  each  break 
extended  to  the  bottom  of  the  precipice,  although  the  whole  mass 
did  not  fall  at  once.  Of  course  the  substructure  must  have  been 
worn  out  before  the  superstructure  could  have  gone  down.  Father 
Hennepin,  In  his  well-known  description  of  the  locality  as  he 
saw  it  in  1678-80,  says,  "  One  may  go  down  (on  the  Canada  side) 
so  far  as  the  bottom  of  this  terrible  gulph.  The  author  of  this 
discovery  was  down  there  the  more  narrowly  to  observe  the  fall 
of  these  prodigious  cascades.  From  hence  we  could  discover  a 
spot  of  ground  (?)  which  lay  under  the  fall  of  water  which  is 
to  the  east  (American  Fall)  big  enough  for  four  coaches  to  drive 
abreast  without  being  wet."  Seven  j'ears  later  the  Baron  La 
Honton,  in  reference  it  is  supposed  to  the  Canada  side,  says, 
^'  Between  the  surface  of  the  water  that  shelves  off  prodigiously 
and  the  foot  of  the  precipice,  three  men  maj'  cross  in  abreast 
without  further  damage  than  a  sprinkling  of  some  few  drops  of 
water."  We  cannot  assign  less  tlian  twentj-four  feet  space  to 
the  **  four  coaches"  moving  abreast.  The  projection  at  the  west- 
erly end  of  the  water-covered  surface  of  Table  Rock  has  diminished 
but  little,  since  three  men  could  now  go  under  the  sheet  abreast 
if  they  had  a  proper  footing,  whereas  tlie  overhang  on  the  Amer- 
ican side  has  almost  entirely  fallen,  since  there  is  now  but  a  slight 
l^rojection  there  of  the  surface  rock.  The  huge  pile  of  large 
bowlders  now  lying  at  the  foot  of  the  precipice  indicates  the  same 
result.  Authentic  accounts  of  similar  abrasions  are  the  following, 
namely  :  in  1818  a  mass  one  hundred  and  sixty  feet  long  by  sixty 
in  width  ;  in  1828  and  29  two  smaller  masses  nearly  equal  in  the 
aggregate  to  the  last.  Also  in  1828  a  huge  mass,  the  top  sur- 
face of  which  was  called  half  an  acre.  In  1850  there  fell  a 
smaller  mass  about  forty  feet  long  and  ten  feet  wide ;  in  1852  a 
triangular  mass,  the  base  of  which  was  forty  feet  and  its  altitude 
three  hundred,  extending  south  from  Goat  Island  out  beyond  the 
Terrapin  Tower,  and  in  1871,  from  the  west  side  of  the  inner  curve 
of  the  Horseshoe,  another  piece  about  ten  feet  by  fort3^  Here 
we  have  some  proximate  data  on  which  to  base  our  calculations. 
In  addition  to  these  it  is  supposed  that  there  have  been  abrasions 
by  piecemeal  that  were  not  noticed  and  that  equalled  all  the 
others. 

Combining  all  these  minor  masses  into  one  grand  mass,  and 
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omitting  fractions,  we  find  we  have  a  magnificent  bowlder  con- 
taining twelve  million  cubic  feet  of  rock.  If  this  were  spread 
over  a  surface  one  thousand  feet  wide  and  one  hundred  and  sixty 
feet  deep,  the  average  width  though  less  than  the  average  height 
of  the  falls  below  the  ferry,  it  would  cover  it  to  the  deptli  of 
seventy-six  feet.  This  for  one  hundred  and  seventy-five  years  is 
four  inches  per  year.  At  this  rate  to  cut  back  six  miles  would 
occupy  seventy-two  thousand  years,  or  twelve  thousand  years  for 
a  single  mile,  a  mere  shadow  of  time  when  compared  with  the  age 
of  the  coralline  limestone  over  which  the  water  flows.  So,  if  our 
data  are  reasonably  correct,  more  than  twice  as  many  millenniums 
as  Professor  Tyndall  has  named  will  be  consumed  before  his  pre- 
diction can  be  fulfilled. 

The  next  point  in  our  text  relates  to  the  "  entire  drainage  of 
the  American  branch  of  the  Niagara  River  the  channel  of  Avhich 
in  due  time  will  become  cultivatable  land."  A  consideration  of 
8ome  facts  connected  with  tiie  physical  features  of  the  river, 
which  his  short  visit  doubtless  prevented  Prof.  Tyndall  from  as- 
certaining, will  compel  us  to  put  less  faith  in  this  prediction  than 
in  the  one  we  have  just  considered.  They  are  as  follows :  the 
surface  of  the  water  at  Gill  Creek,  two  miles  up  stream,  is,  by 
actual  survey,  fiftiy-two  feet  higher  than  the  highest  point  of  the 
falls  below.  The  river  just  above  the  month  of  Gill  Creek  is 
twenty  feet  deep.  Hence  the  bottom  line  of  the  river  there  is 
thirty-two  feet  higher  than  the  top  of  the  American  Fall.  It  fol- 
lows that  if  this  fall  shall  ever  reach  Gill  Creek  and  \A\e  bed-rock 
shall  prove  suflaciently  strong  to  maintain  its  position,  the  fall  will 
be  about  fifty  feet  higher  than  it  is  now. 

Secondly,  there  stretches  up  from  the  head  of  Goat  Island, 
about  three- fourths  of  a  mile,  a  rock  bar,  having  about  the  same 
surface  level  as  the  bed-rock  of  the  island  itself.  Undoubtedly 
it  was  once  covered  with  soil  and  formed  a  portion  of  the  island. 
This  bar  projects  above  the  foot  of  Grass  Island  which  lies  about 
midway  between  it  and  the  American  shore.  Toward  the  Canada 
shore,  and  near  the  centre  of  the  river,  is  another  bar  composed 
of  rock,  bowlders  and  gravel  about  the  same  length  as  the  last, 
and  stretching  much  farther  up  stream.  These  two  bars  form,  as 
it  were,  a  partition  separating  the  currents  flowing  down  from  the 
channels  between  Navy  and  Grand  islands  and  between  this  last 
and  the  American  shore.     This  is  one  of  the  finest  reaches  in  the 
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upper  Niagara.  It  is  about  three  miles  in  width  and  flows  on 
with  a  strong  but  unruffled  current  until  it  reaches  the  first  break 
in  the  rapids  above  the  falls.  It  is  divided  practically  into  three 
channels  of  nearly  uniform  depth,  the  difference  in  elevation 
between  the  two  sides  of  the  river  having  disappeared  by  the  ris- 
ing of  the  dip  of  the  bed-rock.  The  first  channel  comes  from  the 
south,  between  the  Canadian  shore  and  Navy  Island ;  the  second 
and  deepest  from  between  this  island  and  Grand  Island,  and  the 
third  from  between  Grand  Island  and  the  American  shore.  The 
water  in  the  first  channel,  except  in  floods,  passes  down  the  Can- 
ada side.  The  other  two  channels  are  more  or  less  blended 
and  pass  partly  over  the  Canadian  and  parti}'  over  the  American 
Fall.  As  has  been  before  noticed,  the  rock  bar  stretching  np  from 
the  head  of  Goat  Island  reaches  above  the  foot  of  Grass  Island. 
The  channel  inside  of  and  next  to  Grass  Island  is  deeper  than 
that  outside  of  it.  The  conformation  of  the  bed  of  the  river  is 
such  that  the  currents  formed  by  these  two  channels  unite  and, 
diverging  northerly,  run  diagonally  toward  the  American  shore, 
in  which  they  have  excavated  quite  a  deep  baj'.  From  the  foot  of 
this  boy  is  taken  the  water  to  supply  the  hydraulic  canal  w*hich 
empties  into  the  river  half  a  mile  below  the  falls. 

Now,  we  must  bear  in  mind  a  fact  which  Prof.  Tyndall  and  all 
others,  who  have  written  or  speculated  upon  the  geological  char- 
acter of  the  falls,  seem  to  have  passed  without  notice,  namely : 
that  whereas  while  they  were  below  their  present  position  they 
were  constantly  diminishing  in  height  because  they  were  receding 
with  the  dip  of  the  bed-rock,  now  they  are,  so  to  speak,  rising  on 
the  dip,  the  river  making  an  acute  angle  with  its  former  direction. 
By  reason  of  this  southwesterly  declination  of  the  bed-rock  the 
surface  of  the  water  in  the  Horseshoe  Fall,  next  to  the  Canada 
shore,  is  ten  feet  lower  than  that  of  the  most  northerly  point  of 
the  American  Fall.  But  with  the  change  of  direction  in  the  chan- 
nel of  the  river,  this  diflerence  is  fast  disappearing  and  will  be 
entirely  neutralized  when  the  falls  shall  have  reached  a  point  a 
few  rods  above  the  mouth  of  Chippewa  Creek,  a  mile  from  Table 
Rock.  To  this  change  of  direction  and  this  upward  trend  of  the 
bed-rock  we  are  indebted  for  the  existence  of  the  rapids  above 
the  falls,  one  of  the  finest  features  of  the  locality.  At  no  point 
below  their  present  position  could  such  a  prelude — musical  as  well 
as  motional  —  to  the  great  cataract  have  existed,  simply  because 
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the  water  above  the  precipice  lay  like  the  water  in  a  mill  pond 
above  its  dam,  over  which  it  tamely  falls  to  the  level  below. 
There  were  doubtless  slight  breaks  in  the  current  on  tlie  two  sides 
of  the  river,  produced  by  the  suction  of  the  sliallow  toward  the 
deeper  water  in  the  centre  of  the  stream.  But  they  must  have 
been  tame  and  lifeless  compared  with  the  grand  rush,  tumult  and 
roar  of  the  present  rapids.  Whan  these  liave  vanished  in  tlie 
receding  flood,  there  can  be  no  others  that  will  equal  them  in 
length,  breadth,  beauty  and  power.  The  only  reminder  of  them 
even,  that  can  exist  hereafter,  will  be  seen  by  the  traditional  New 
Zealander  who  may  stand  on  the  dilapidated  walls  of  Fort  Porter 
and  look  upon  the  waters  tliat  will  then  rush  down  the  slope  of 
the  corniferous  limestone  which  forms  the  dam  at  the  foot  of  Lake 
Erie. 

Finally,  in  reference  to  this  question  of  the  "  entire  drainage  ** 
of  the  American  channel,  we  have  had  a  remarkable  demonstra- 
tion of  the  entire  improbability  of  its  ever  occurring.  This  dem- 
onstration was  made  on  the  29th  of  March,  1848.  The  preceding 
winter  had  been  intensely  cold  ;  the  ice  formed  on  Lake  Erie  was 
unusually  thick  and  covered  nearly,  if  not  quite,  two-thirds  of 
its  surface.  During  the  warm  days  of  the  early  spring  this  great 
mass  was,  as  is  usual  in  such  cases,  loosened  around  the  shores 
of  the  lake  and  detached  from  them.  During  the  forenoon  of 
the  day  named  a  stiff  wind  moved  the  whole  mass  up  the  lake. 
A  little  before  sunset  the  wind  chopped  suddenl}'  around  and  blew 
a  gale  from  the  west.  This  brought  the  vast  field  of  ice  back 
again  with  such  tremendous  force  that  it  filled  in  the  neck  of  the 
lake  and  its  outlet  so  as  to  form  a  very  effective  dam,  by  which 
the  outflow  of  the  water  was  very  greatly  impeded.  Of  course  it 
needed  but  little  time  for  tlie  falls  to  drain  off  the  water  below 
this  dam.  The  consequence  was  that  on  the  morning  of  the  fol- 
lowing day  the  river  was  nearly  half  gone.  The  American  chan- 
nel had  dwindled  to  a  deep  and  narrow  creek.  The  British  channel 
seemed  to  have  been  smitten  with  a  quick  consumption  and  to  be 
fast  passing  away.  Far  up  from  the  head  of  Goat  Island  and  out 
into  the  Canadian  rapids  and  from  the  foot  of  the  island  out 
beyond  the  Terrapin  Tower  the  water  was  gone.  The  rocks  were 
bare,  black  and  forbidding.  The  roar  of  Niagara  had  subsided 
almost  to  a  moan.  The  scene  was  desolate  and,  but  for  its  nov- 
elty and  the  certainty  that  it  would  change  before  many  hours, 
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would  have  been  gloomy  and  saddening  to  those  who  witnessed 
it.  Every  person  who  has  visited  Niagara  will  remember  a  beau- 
tiful, broken  jet  of  water  which  shoots  up  into  the  air  from  the 
Great  Rapids  about  forty  rods  south  of  the  outer  Moss  Island, 
called,  with  a  singular  contradiction  of  terms,  the  "  Leaping  Rock." 
This  rock  was  laid  entirely  bare,  and  the  writer  drove  out  with  a 
horse  and  carriage  across  the  rocky  bed  of  the  river,  near  to  and 
above  it.  This  extraordinary  syncope  of  the  waters  lasted  all 
the  day,  and  night  closed  over  the  strange  scene.  But  during 
the  night  the  dam  gave  way  and  the  next  morning  the  river  was 
restored  in  all  its  strength  and  beauty  and  majesty,  and  the 
dwellers  on  its  shores  were  glad  to  welcome  its  swelling  tide  once 
more. 

By  this  occurrence  the  formation — the  topography,  so  to  speak — 
of  the  river  bottom  was  revealed.  A  mile  and  a  half  above  the 
head  of  Goat  Island  the  waters  were  divided  so  as  to  form  a  huge 
y  through  both  branches  of  which  they  flowed  over  the  precipice 
below,  thus  showing  that  nothing  less  than  an  entire  stoppage  of 
the  water  can  leave  the  American  channel  dr^',  simply  for  the  rea- 
son that  in  the  main  stem  of  the  Y  it  is  as  deep  on  the  American 
as  on  the  Canada  side. 

But,  even  if  this  portion  of  Prof.  Tyndall's  prediction  should 
be  verified,  it  is  greatly  to  be  feared  that  his  "  vision  "  of  cultivat- 
able  land  in  the  bottom  of  the  American  channel  after  the  water 
has  left  it  will  prove  to  have  been  one  with  a  most  '^  baseless  fab- 
ric." If  the  future  possessor  of  that  portion  of  the  earth's  sur- 
face should  undertake,  after  it  had  been  both  over  and  under 
drained,  to  run  his  plough  through  it,  he  would  not  leave  behind 
him,  like  a  ship  sailing  in  a  starlit  sea,  a  wake  of  [>ho3pliorescent 
illumination,  but  rather  he  would  see  before  him  an  illumination 
resulting  from  the  contact  of  rock  and  steel  which  might  lighten 
his  track  in  the  darkest  night.  If  Prof.  Tyndall  had  found  time 
to  visit,  on  the  Canada  side,  the  cliff  at  the  head  of  Foster's  Glen 
or  at  the  foot  of  the  whirlpool,  he  would  have  had  a  '^  realizing 
sense  "  of  Avliat  this  kind  of  "  farming  "  might  be.  One  might 
more  hopefully  try  to  run  his  plough  through  the  valley  of  Jehosh- 
aphat  in  front  of  the  Beautiful  Gate,  where  he  might  possibly 
disturb  the  mural  covering  of  some  long  forgotten  Israelite ;  but 
in  the  dry  bed  of  the  Niagara  he  could  disturb  nothing  but  his 
own  temper. 
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In  the  second  paragraph  preceding  the  one  we  have  been  dis- 
cussing, Prof.  Tyndall  makes  tliis  remarkable  statement,  namely : 

"The  river  above  the  fall  bends  and  the  Horseshoe  immediately 
accommodates  itself  to  the  bending,  following  implicitly  the  di- 
rection of  the  deepest  water  in  the  upper  stream ;"  thus  making 
the  depth  of  water  the  master  element  in  determining  the  direction 
of  the  chasm,  and  inferentially  the  rapidity  of  abrasion ;  whereas 
the  friability  of  the  substructure,  the  greater  or  less  induration 
and  compactness  of  the  bed-rock,  is  the  controlling  factor  in  the  so- 
lution of  the  problem.  This  is  clearly  demonstrated  at  the  pres- 
ent time  in  the  Horseshoe,  Luna  and  American  Falls.  There  are 
two  notable  angles  of  recession  in  the  Horseshoe  Fall.  One  of 
them  lies  in  the  midst  of  the  deepest  water  with  its  upward  direc- 
tion bearing  nearly  southeast.  The  other  angle  and  the  one  that 
has  receded  farthest  from  the  edge  of  the  precipice  lies  just  north 
of  the  deepest  water,  and  its  upward  tendency  is  nearly  northeast. 

The  Cave  of  the  Winds,  under  Luna  Fall,  is  a  deeper  boring 
into  the  bed-rock  than  can  be  detected  in  any  part  of  the  Horse- 
shoe. Fifty  years  ago  the  deepest  channel  on  the  south  side  of 
and  near  to  Goat  Island  was  eight  rods  farther  south  than  it  is 
now.  The  water  has  cut  down  and  carried  away  more  than  forty 
feet  perpendicular  depth  of  bowlders,  cobble  stones,  gravel  and 
earth,  and  made  for  itself  a  deeper  channel  than  it  ran  in  before. 
The  little  Horseshoe,  as  it  is  sometimes  called,  is  the  deepest 
reentering  angle  in  the  American  Fall,  while  the  deepest  water  on 
that  fall  pours  over  its  angle  or  point  of  greatest  projection,  next 
to  the  American  shore.  Moreover  by  far  the  greatest  abrasion 
known  to  have  occurred  within  the  historic  period — that  of  the 
larger  portion  of  Table  Rock  in  1850 — was  a  lateral  one  over 
which  no  water  was  running,  nor  had  been  for  more  than  a  cen- 
tury except  over  a  small  portion  of  its  southerly  end. 

If  the  substructure  upon  which  the  water  lies,  or  over  which  it 
falls,  w^ere  homogeneous.  Prof.  Tyndall's  dictum  would  be  correct. 
But  there  are  scarcely  ten  consecutive  square  rods  of  the  river-bed 
that  can  be  called  homogeneous. 

With  these  facts  before  us  we  cannot  resist  the  conclusion  that 
it  is  the  character  of  the  river-bed,  and  not  the  depth  of  water,  that 
solves  the  problem  of  recession,  and  that  will  determine  both  the 
proximate  and  distant  future  of  Niagara,  so  far  as  its  location  is 
concerned. 
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''To  complete  my  knowledge,"  says  Prof.  T.,  "it  was  necessary 
to  see  the  fall  from  the  river  below  it,  and  long  negotiations  were 
necessary  to  secure  the  means  of  doing  so.  The  only  boat  fit  for 
the  undertaking  had  been  laid  up  for  the  winter ;  but  this  diffi- 
culty •  •  »  »  -^as  overcome."  Two  oarsman  were  obtained. 
The  elder  assumed  command  and  "hugged  the  cross  freshets  (?) 
instead  of  striking  out  into  the  smoother  water.  I  asked  him  why 
he  did  so,  and  he  replied  that  they  were  directed  outward  and  not 
downward."  If  Prof.  Tyndall  had  been  at  Niagara  during  the 
summer  season  he  would  have  had  the  opportunity,  daily,  of  seeing 
the  fall  '"from  below,"  and  of  going  up  or  down  the  river  on  any 
day  in  a  boat.  All  the  boats  (four)  at  the  Ferry  are  "fit  for  the 
undertaking"  and  all  of  them  are,  very  properly,  "laid  up  in  the 
winter,"  since  they  would  be  crushed  by  the  ice  if  left  in  the  wa- 
ter. Our  oarsmen  do  not  consider  themselves  very  shrewd  because 
they  have  discovered  that  it  is  easier  to  row  across  a  current  than 
it  is  to  row  against  it.  The  party  had  an  exciting  and,  according 
to  Prof.  T*s  account,  a  perilous  trip.  It  is  an  exciting  trip  to  a 
stranger,  but  the  writer  has  made  it  so  frequently  that  it  has  ceased 
to  be  a  novelty. 

"We  reached,"  he  says,  "the  Cave  (of  the  Winds)  and  entered 
it,  first  by  a  wooden  way  carried  over  the  bowlders,  and  then 
along  a  narrow  ledge  to  the  point  eaten  deepest  into  the  shcUe,*^ 
He  also  speaks  of  the  "blinding  hurricane  or  spray  hurled  against 
him."  This  last  circumstance  probably  prevented  him  from  no- 
ticing the  fact  that  no  shale  at  all  is  visible  in  the  Cave  of  the 
Winds.  Its  wall,  from  the  top  downward  some  distance  below 
where  he  stood,  is  formed  entirely  from  the  Niagara  limestone. 
But  it  it  checkered  by  many  seams  and  so  is  easily  abraded  by 
the  elements.     The  cave  is  the  result. 

Without  noticing  other  statements  that  will  illustrate  the  bril- 
liant imagination  of  the  distinguished  "poet  of  sciencfe,"  and  also 
the  poetical  license  which  is  goodnaturedly  allowed  to  distin- 
guished travellers,  we  may  be  permitted  to  remark,  in  conclusion, 
that  Prof.  TjndaU's  style  is  so  vigorous,  animated  and  poetical, 
the  one  ma}'  be  excused  for  preferring  to  read  TyndalTs  romanc- 
ing rather  than  the  most  realistic  utterances  of  many  of  his  brother 
scientists. 
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No. 

1.  Snspension  Bridge. 

2.  Hydraulic  Cunal. 
8.    American  Fall. 
4.    Horseslioe  Fail. 
6.    Uoat  Island. 


No. 
fi.    Mops  Islands. 

10.  CliippewR  Crock. 

11.  Grass  Island. 

12.  Gill  Creek. 


No. 

13.  Connor's  Island. 

14.  Navy  Island. 

15.  Buckhorn  Island. 

16.  Grand  Island. 
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On  some  Expansions,  Moyeuekts  and  Fractures  of  Rocks, 
OBSERVED  AT  MoNSON,  Mass.  By  W.  H.  NiLES,  of  Cam- 
bridge, Mass. 

In  the  "Proceedings  of  the  Boston  Societ3'of  Natural  History' ," 
vol.  xiv,  1871,  there  was  published  an  account  of  "Some  Interest- 
ing Phenomena  Observed  in  Quarrying."  It  was  my  object  in 
that  paper  to  give  simply  a  preliminary  account  of  the  phenomena 
to  be  observed  at  Monson,  Mass.,  rather  than  to  inquire  into  the 
causes  which  produced  them.  Since  that  time  the  phenomena  have 
increased  in  frequency  and  extent,  and  have  thus  given  me  some 
further  acquaintance  with  the  nature  of  the  force  producing  them, 
and  it  is  my  object  at  this  time  to  communicate  to  the  Association 
some  of  these  additional  observations  and  conclusions.  For  a 
satisfactory  statement  of  these,  however,  it  may  be  important  to 
refer  briefly  to  certain  observations  which  have  already  been  re- 
corded. 

At  the  eighth  meeting  of  this  Association  held  at  Washington, 
D.  C,  1854,  Prof.  John  Johnson  of  Middletown,  Conn.,  read  a  "No- 
tice of  Some  Spontaneous  Movements  occasionally  observed  in 
the  Sandstone  Strata  in  one  of  the  Quarries  at  Portland,  Ct.," 
which  was  published  in  the  Proceedings  of  that  meeting.  The 
movements  were  in  one  of  the  quarries  winch  has  been  worked  to 
a  considerable  depth.  Wiienever  the  workmen  attempted  to  open 
the  bottom  stratum  of  the  quarry  by  making  a  long  easterly  and 
westerly  channel  in  the  rocks,  they  found  that  before  they  were 
able  to  cut  quite  through  the  bed,  the  portion  of  the  stone  remain- 
ing at  the  bottom  of  the  channel  was  "crushed  to  fragments  with 
a  loud  report,  by  an  enormous  lateral  pressure."  The  walls  of  the 
channels  sometimes  approached  each  other  three-fourths  of  an  inch. 
These  movements,  however,  were  perceptible  only  in  northerly  and 
southerly  directions.  Prof.  Johnson's  conclusions  were  as  follows  : 
"These  facts  I  think  plainly  show  that  the  strata  of  sandstone  at 
this  place  are  not  at  the  present  time  perfectly  at  ease  in  their 
ancient  bed,  but  that  in  some  way  they  have  received  a  disposi- 
tion to  change  slightly  their  position  ;  and  it  becomes  an  interest- 
ing question  to  determine  the  cause,  a  question,  however,  upon 
which  I  do  not  propose  now  to  enter." 

So  far  as  I  am  aware,  this  "Notice"  of  Prof.  Johnston's  is  the 
only  scientific  record  of  such  phenomena,  observed  at  any  locality 
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excepting  Monson.  It  is  true  there  have  been  verbal  and  news- 
paper reports  of  spontaneous  explosions  and  fractures  of  rock  at 
otlier  places,  but  I  do  not  know  that  they  have  received  any  scien- 
tiOc  investigation. 

The  quarry  at  Monson,  Mass.,  where  most  of  the  phenomena 
occur,  is  the  one  owned  and  worlced  by  W.  N.  Flint  &  Co.  It  ex- 
tends over  an  area  of  about  five  or  six  acres  upon  the  gentle  slope 
of  a  hill  of  moderate  size.^  The  rock  is  gneiss,  without  any  ap- 
parent planes  of  stratification,  but  with  a  distinct  parallelism  in 
the  arrangement  of  the  component  minerals,  that  is,  it  has  a  schis- 
tose texture.  Divisional  planes,  which  are  nearly  parallel  with  the 
gently  sloping  surface  of  the  hill,  cut  across  the  stratification  and 
divide  the  rock  into  beds  which  vary  in  thickness  from  one  incli 
and  a  half  to  five  feet  or  more.  These  beds  are  very  extensive 
and  are  not  broken  by  any  joints  or  other  divisional  planes.  They 
lie,  of  course,  nearly  parallel  with  the  surface  of  the  hill  and  are, 
therefore,  nearly  horizontal  in  some  parts  of  the  quarry,  while  at 
some  other  places  the^  have  an  inclination  of  about  ten  degrees. 

Expansion  of  the  Rock  : — One  of  the  most  interesting  phe- 
nomena to  be  observed  here  is  the  expansion  of  the  stone  as  it  is 
broken  either  spontaneously  or  artificially  from  the  rock. 

The  quarrying  is  mostly  done  by  driving  wedges  into  small 
holes  drilled  into  the  upper  surfaces  of  the  beds,  in  long  lines  par- 
allel with  the  strike  of  the  rock,  thus  splitting  off  stones  of  the 
required  forms  and  sizes.  Whenever  a  stone  of  considerable  length 
is  thus  quarried  from  any  entirely  undisturbed  portion  of  a  bed  it 
is  found  that  the  stone  expands  lengthwise,  that  is,  with  the  strike, 
becoming  slightlj'  longer  than  the  place  on  the  edge  of  the  bed 
from  which  it  was  broken.  Tbe  most  convincing  examples  of  this 
movement  are  those  where  a  long  cleft  has  been  made,  liberating 
only  one  end  of  the  stone,  the  other  remaining  attached  to  the  bed 
by  a  perfectly  solid  connection.  In  such  instances  those  parts  of 
the  drill  holes  seen  on  the  side  of  the  stone  near  its  freed  end  are 
not  directly  opposite  their  respective  parts  remaining  on  the  edge 
of  the  undisturbed  bed,  but  they  have  moved  from  the  attached 
end   somewhat  beyond  them.     As   the  bed   and  partly  quarried 

1  For  a  more  detailed  account  of  the  position  cf  iho  qnany,  the  mode  of  working  it 
and  the  peculiar  phenomena,  see  "Proceedings  of  the  Boston  Society  of  Natural  His- 
tory,'* TOl.  XIV,  p.  80. 
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stone  are  Btill  solidly  united  at  one  end,  it  thus  becomes  clearly 
evident  that  either  ,tbe  stone  must  liave  expanded  or  that  part  of 
the  bed  must  have  contracted.  Tbat  it  is  the  expansion  of  the 
stone  is  proved  by  the  fact  that  the  freed  end  has  moved  from  its 
original  position  upon  the  underlying  bed.  The  amount  of  this 
expansion  is  best  registered  by  the  difference  in  position  of  the 
two  parts  of  that  drill-hole  nearest  the  loosened  end  of  the  stone. 
In  the  autumn  of  1869  a  fissure  of  this  kind,  three  hundred  and 
fifty- four  feet  long,  was  made  and  then  the  amount  of  expansion 
was  one  inch  and  a  half.  That  there  is  an  actual  expansion  of 
the  stone  is  further  demonstrated  b}*  the  fact  that  the  parts  of  that 
hole  which  is  nearest  the  solid  junction  of  the  stone  and  the  bed 
apparently  i)erfectly  accord  in  position,  while  the  want  of  agree- 
ment increases  regularly  with  the  distance  from  the  end  of  the  fis* 
sure. 

These  expansions  are  not  mere  occasional  phenomena,  but  they 
occur  whenever  a  perfect  cleft  of  this  kind  is  made  in  an  entirely 
undisturbed  portion  of  the  rock.  Since  attention  was  first  drawn 
to  these  expansions,  now  nearly  four  years  ago,  the}'  have  appeared 
so  continually  in  every  part  of  this  extensive  quarry,  and  in  all 
beds,  those  near  the  surface  as  well  as  the  deeper  ones,  that  we 
may  conclude  that  all  the  undisturbed  rock  there  has  this  natural 
tendency  to  expand.  These  movements  may  be  either  up  hill  or 
down,  but  they  are  alwa^'s  in  northerly  and  southerly  directions, 
with  the  strike  of  the  rock.  I  have  made  very  careful  examina- 
tions to  see  if  there  was  a  trace  of  any  expansions  in  easterly  and 
westerly  directions,  but  have  never  seen  the  slightest  indication  of 
any.  The  bands  of  darker  and  lighter  color  caused  by  the  schis- 
tose texture  of  the  rock,  which  appear  in  any  one  bed,  show  no 
want  of  con formit}'^  with  the  parts  of  the  same  bands  in  the  bed 
immediately  below,  even  where  there  has  been  every  opportunity 
for  a  transverse  expansion.  The  cause  of  this  expansive  tendency 
of  the  rocks  must  therefore  be  attributed  to  some  force  which  acts 
or  has  acted  in  only  these  two  directions.  This  fact  alone  would 
seem  to  show  that  the  expansions  are  not  produced  by  changes  of 
temperature  or  of  humidit}',  for  I  can  see  no  reason  why  these 
should  affect  the  stone  in  only  northerly  and  southerly  directions. 
That  the  expansions  have  occurred  during  all  conditions  of  the 
weather,  warm  and  cold,  wet  and  dr}',  is  another  proof  that  the 
cause  is  not  to  be  sought  in  meteoric  changes. 


Digitized  by  VjOOQIC 


B.      KATURAI    niSTORT.  159 

Another  interesting  feature  is  that  when  the  fracture  is  suddenly 
and  thoroughly  made,  the  expansion  takes  place  immediately,  and 
sometimes  the  expansive  force  itself  completes  the  desired  work. 
Before  the  wedges  were  driven  I  have  drawn  lines  across  what  was 
to  be  the  quarried  stone  to  the  part  of  the  rock  to  be  left  undis- 
turbed and  then  have  carefully  watched  the  operation.     Under 
these  circumstances  I  have  seen  the -stone  so  suddenly  spring  into 
the  elongated  state  that  I  am  fully  convinced  that  the  rock  there 
has  by  some  means  been  laterally  compressed  in  the  beds,  and  that 
its  elasticity  or  natural  tendency  to  occupy  its  former  space  is  al- 
ways ready  to  expand  it  whenever  an  opportunity  is  presented. 
That  certain  beds  of  rock  are  by  nature  in  a  compressed  state,  and 
that  they  now  possess  an  active  expansive  power,  are,  I  think,  de- 
monstrated by  the  facts  to  be  observed  at  Monson,  and  I  believe 
that  such  a  demonstration  is  new  to  science. 

Formation  op  Anticlinals  : — Another  instructive  operation  to 
be  studied  at  Monson  is  the  elevation  of  portions  of  the  beds  and 
the  formation  of  anticlinals.  Beds  varying  in  thickness  from  the 
thinnest  to  four  feet  or  more  are  thus  disturbed,  but  most  fre- 
quently^ the  thinner  sheets.  The  amount  of  elevation  varies  from 
one-quarter  of  an  inch  to  three  or  four  inches.  The  span  of  the 
arch  thus  formed  is  sometimes  fifty  feet,  while  some  are  only  three 
feet  broad.  Usually  the  thicker  the  bed  the  broader  the  arch. 
The  crests  of  the  anticlinal  always  trend  in  easterly  and  westerly 
directions,  and  as  the  elevating  and  plicating  force  must  work  at 
right  angles  to  the  axis  of  the  elevation  produced,  the  power 
which  forms  these  anticlinals  must,  therefore,  be  one  which  acts  in 
northerly  and  southerly  directions. 

In  the  article  on  "Peculiar  Phenomena  observed  in  Quarrying" 
I  considered  the  elevations  as  formed  entirely  b}'  a  lateral  pressure, 
but  subsequent  observations  have  convinced  me  tiiat  tiie  immedi- 
ate cause  of  most  of  them,  and  probably  of  all,  is  the  expansion  of 
the  compressed  rock.  This  is  particularly  apparent  where  thin 
sheets  have  been  loosened  from  the  upper  surfaces  of  thick  beds 
and  formed  into  anticlinals.  Usually,  at  each  base  of  the  anti- 
clinal arch,  the  edge  of  the  folded  sheet  remains  so  closel}'  attached 
to  the  underlying  bed,  that  no  lateral  slipping  of  this  edge  upon 
the  rock  could  possibly  have  taken  place,  nor  could  the  bases  of 
such  an  arch  have  approached  each  other,  for  the  underlying  rock 
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with  which  they  are  united  remains  imdisturbetl.  It  is  evident 
that  a  line  drawn  from  a  fixed  point  at  one  base  to  the  crest,  then 
downward  to  a  fixed  point  at  the  other  base,  would  be  a  longer 
line  than  a  straight  one  connecting  the  two  fixed  points,  and  there- 
fore, that  portion  of  the  rock  which  is  elevated  and  plicated  must 
have  expanded.  There  are  abundant  evidences  at  the  quarry, 
some  of  which  will  soon  be  presented,  that  this  tendency  of  the 
compressed  rock  to  expand  is  a  power  fully  competent  to  form 
such  elevations.  While,  therefore,  a  lateral  pressure  may  have 
compressed  the  rock  yet,  here  evidently,  expansion  is  the  imme- 
diate cause  producing  the  anticlinals. 

We  have  become  accustomed  to  consider  the  larger  anticlinal 
and  s^'uclinal  curves,  and  the  contortions  of  strata  in  disturbed 
districts  as  produced  entirelj- by  au  immense  lateral  pressure.  But 
at  Monson,  to  a  certain  extent  we  have  the  work  actuall}'  in  prog- 
ress and  we  may  calmly  witness  the  plication  of  the  beds.  Be- 
sides the  lateral  pressure  we  find  that  the  compression  and  tlie 
subsequent  expansion  of  the  rock  are  there  important  parts  of  the 
formative  process.  If  now,  in  our  geological,  reasoning  we  inter- 
pret the  past  by  the  operations  of  the  present,  shall  we  not  con- 
sider that  the  compression  and  the  expansion  of  rocks  have  exer- 
cised an  important  function  in  the  more  extensive  elevations  and 
plications  and  in  the  formation  of  mountain  chains? 

Fkactures  of  the  Rock  : — Another  result  of  this  rock  expan- 
sion is  the  formation  of  numerous  cracks  and  fissures  attended 
sometimes  by  violent  explosions.  These  recently  formed,  or  now 
forming  cracks,  are  the  most  common  and  most  constant  evidences 
of  this  power.  When  a  portion  of  the  bed  has  been  quarried  in 
such  a  manner  that  the  expansive  power  of  the  rock  is  concentra- 
ted upon  the  narrowed  part  of  the  bed,  the  rock  is  not  usuallj' 
strong  enough,  to  endure  the  enormous  force,  and  in  such  cases  it 
becomes  fractured  and  sometimes  considerably  shattered.  So  great 
is  the  power  that  beds  of  three,  four  and  Hve  feet  and  even  of 
greater  thickness  are  rent,  sometimes  for  a  hundred  feet  or  more. 
In  the  latter  part  of  June,  1872,  says  Mr.  A.  T.  Wing,  there  was 
a  natural  breakage  which  extended  about  two  hundred  and  seventj*- 
five  feet,  and  was  about  seventj'  feet  back  from  the  working  face 
and  parallel  with  it.  One  end  of  the  loosened  mass  remained  sol- 
idly attached  to  the  undisturbed  rock,  and  by  its  expansion  about 
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ten  thousand  tons  of  rock  were  moved.  Many  other  striking  ex- 
amples of  the  same  movements  might  be  given  if  it  were  neees- 
sar3%  and  in  most  cases  tiie  expansion  of  the  self  liberated  stone 
is  quite  apparent,  and  the  character  of  the  fractures  clearly  shows 
that  the  power  which  produced  them  operated  in  northerly  and 
southerly  directions  only. 

These  cracks  and  rents  are  more  commonly  formed  slowly,  but 
sometimes  suddenly,  attended  not  only  by  the  breaking,  shattering 
and  even  crushing  of  the  solid  rock,  but  by  a  loud  report,  and 
sometimes  by  the  throwing  of  stones  of  considerable  size  for  a 
short  distance.  On  the  morning  of  the  eighteenth  of  June,  of  the 
present  season,  1873,  at  about  six  o'clock,  the  engineer  was  start- 
led by  an  explosion,  and  looking  towards  the  quarry  saw  stones 
and  other  debris  in  the  ajiv  being  thrown  to  a  considerable  dis- 
tance. I  visited  the  spot  on  the  twentieth  and  found  it  looking 
much  as  though  a  small  but  powerful  earthquake  had  taken  place. 
A  bed  five  feet  fodr  inches  thick  had  been  ruptured  in  two  nearly 
parallel  fissures,  each  of  which  measured  sixty-eight  feet  in  length. 
Besides  these  the  rock  was  otherwise  much  broken,  and  in  places 
shattered  and  crushed,  and  some  of  the  liberated  stones  were 
thrown  southward,  but  there  were  none  thrown  in  any  other  direc- 
tion. These  fractures  were  from  eighteen  to  twenty-three  feet 
from  the  working  face  of  the  bed.*  There  were  very  evident  ex- 
pansions of  the  rock  from  the  north,  southward.  Sounds  of  the 
cracking  of  rocks  are  now  rather  common  at  the  quarry,  noises 
which  are  somewhat  similar  to  the  cracking  of  the  ice  on  a  pond. 
The  facts  connected  with  these  explosions  make  it  evident  that 
they  are  produced  by  the  sudden  yielding  of  the  beds  to  the  enor- 
mous expansive  power  of  the  rock.  These  movements  are  in  many 
respects  similar  to.  some  earthquakes.  May  not  the  same  disturb- 
ing power  produce  some  of  the  slight  earthquake  shocks  in  non- 
volcanic  districts  ? 

Concerning  the  nature  of  the  power  which  has  compressed  the 
rock,  it  is  evident  that  it  cannot  be,  nor  can  it  have  been  any  ver- 
tical force  tending  to  elevate  the  rock,  for  any  such  upheaval 
would  produce  a  tension  of  the  beds  rather  than  a  compression. 

3  **  Since  thle  paper  whs  read,  but  before  goinK  to  press,  another  explosion  has  taken 
place  by  which  a  stone  twenty -three  feet  long,  of  an  average  width  of  two  feet,  and 
more  than  two  feet  thick,  was  broken  out  of  the  bed,  and  had  one  end  of  it  thrown  more 
than  two  feet  from  llie  place  in  the  bed  from  which  it  came.  As  this  took  place  on  quite 
a  cold  and  cloudy  day,  it  is  evident  that  it  could  not  have  been  caused  by  heat. 
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Nor  can  it  be,  as  with  the  creeps  in  coai  mines,  the  weight  of 
overlying  beds  in  the  immediate  vicinity,  for  the  quarry  has  not 
been  worked  to  a  great  depth,  and  tliese  movements  often  take 
place  in  those  beds  immediately  at  the  surface. 

But  is  this  merely  a  local  power,  or  is  it  a  local  manifestation  of 
an  extensive  force  ?  Until  observations  have  been  made  at  many 
other  localities  it  will  be  impossible  to  answer  this  question,  but 
a  few  thoughts  upon  the  subject  may  not  here  be  out  of  place. 
The  geological  structure  of  the  hill  is  such  as  to  make  it  possible 
as  a  mere  local  phenomenon.  The  general  form  of  the  hill  approx- 
imates that  of  a  much  elongated  and  considerably  flattened  half 
dome.  The  trend  of  the  hill,  like  that  of  the  other  ridges  in  the 
vicinity,  is  nearly  north  and  south,  that  is,  nearly  parallel  with  the 
strike  of  the  rock.  The  eastern  side  is  very  steep ;  near  the  crest 
it  Is  quite  precipitous,  and  the  edges  of  the  beds  appear  from  that 
side  to  form  an  immense  arch.  The  western  slope,  near  the 
southerly  end  of  which  is  the  quarry,  is  quite  gentle  excepting  at 
or  near  the  crest.  If  now  we  were  at  liberty  to  suppose  that  this 
arch  of  bedded  rock  has  a  tendency  to  sink  or  become  flattened  by 
its  own  weight  or  otherwise,  then  we  could  understand  how  the 
rock  might  be  locally  compressed  in  the  directions  of  the  trend  of 
the  hill.  But  1  know  of  no  evidence,  nor  yet  of  any  facts  other 
than  the  compression  of  the  rock,  that  would  even  indicate  that 
such  a  local  subsidence  is  in  progress. 

But  it  is  a  significant  fact  that  the  phenomena  in  the  Connecti- 
cut valley  sandstone  at  Portland,  Ct.,  reported  by  Prof.  Johnston, 
show  that  the  disturbing  force  there  worked  in  the  same  general 
directions.  Whether  the  rock  there  was  in  the  same  compressed  ' 
condition^ or  not,  the  facts  there  observed  did  not  definitely  prove, 
but  the  phenomena  w^ere  of  the  same  kind  as  those  occurring  here, 
which  as  we  know  proceed  from  compression.  But  whether  the 
forces  manifested  at  these  two  localities,  and  in  entirely  diflerent 
rock  formations,  are  distinct  but  of  the  same  kind,  or  whether  they 
are  parts  of  one  more  extensive  natural  power  manifesting  itself 
only  at  these  localities  on  account  of  the  favorable  conditions  of 
the  rock,  we  cannot  now  state. 

That  similar  movements  have  not  been  observed  at  intervening 
localities  would  be  no  argument  against  their  being  parts  of  one 
largely  distributed  force.  Not  only  might  such  movements  have 
occurred  without  having  been  observed,  but  the  great  extent  of  th« 
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beds,  not  strata,  at  Monson,  without  any  joints  or  fractures  is  a 
condition  very  favorable  for  the  manifestation  of  any  such  force. 
But  there  are  persons  at  other  favorable  localities  now  watching 
for  similar  manifestations,  and  if  such  appear  they  will  be  reported 
to  me,  when  I  hope  to  give  the  same  study  to  the  localities  that  I 
have  to  this  one.  I  hope  in  this  way,  at  length,  to  get  at  other 
facts  which  may  give  light  upon  the  question,  if  not  a  solution  to 
the  problem. 


The  Geologt  of  Portland.    By  C.  II.  HiTCHOOck,  of  Hanover, 
N.  H. 

In  obedience  to  the  custom  of  presenting  a  sketch  of  the  local 
geology  at  the  meetings  of  the  Association,  I  have  made  some 
special  examination  of  the  rocks  about  Portland. 

The  earliest  sketch  of  the  geology  of  this  neighborhood  was 
published  by  my  father,  the  late  President  Edward  Hitchcock,  in 
the  Journal  of  th^  Boston  Society  of  Natural  History,  vol.  i,  1886, 
from  observations  made  the  previous  year.  He  described  the  rocks 
by  their  lithological  names,  and  represented  them  upon  a  map, 
with  a  section.  These  formations  were  grouped  under  two  gen- 
eral heads;  first.  Gneiss;  second,  Talcose  slate.  The  former  was 
regarded  as  the  older,  corresponding  in  position  and  age  with 
similar  rocks  in  central  Massachusetts.  He  called  the  clays  ter- 
tiary, and  was  the  first  to  describe  the  shell  afterwards  famous, 
Nticnla  PoHlandica^  for  a  long  time  believed  to  be  extinct.  Dr.  C. 
T.  Jackson  also  made  a  few  allusions  to  the  geology  of  Portland  in 
his  Greological  Survey.  I  am  not  aware  of  any  other  publications 
before  my  report  as  state  geologist  of  Maine  in  1861-2.  In  that 
report  it  is  stated  that  evidence  exists  for  regarding  the  Portland 
clays  and  sands  as  covered  by  ice-drift,  at  least  in  part ;  but  I  did 
not  commit  myself  to  this  view,  not  having  examined  the  deposits 
critically  and  systematically.  This  view  was  upheld  by  my  prede- 
cessors, in  the  use  of  the  word  tertiary,  and  by  the  unanimous 
belief  of  all  the  gentlemen  with  whom  I  came  in  contact  in  Maine. 
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This  view  was  contrary  to  what  I  had  seen  of  deposits  of  the  same 
character  in  the  Champlain  and  St.  Lawrence  valleys,  and  there- 
fore I  was  not  prepared  to  receive  it  without  examination.  This  I 
have  not  been  able  to  make  till  the  present  month,  and  the  sequel 
will  show  that  my  first  impressions  were  correct.^ 

One  of  the  most  thorough  memoirs  relating  to  the  geology  of 
the  surface  deposits  of  this  neighborhood  appeared  in  the  first 
volume  of  the  memoirs  of  the  Boston  Society  of  Natural  History 
in  1865,  by  Dr.  A.  S.  Packard,  Jr.,  of  Salem,  entitled  "Observa- 
tions on  the  Glacial  Phenomena  of  Labrador  and  Maine.''  He 
describes  minutely  all  the  localities  in  Maine  where  the  fossils  had 
been  found  in  the  clay,  and  presented  interesting  generalizations 
respecting  the  history  of  the  entire  Post-Tertiaiy  period.  This 
paper  will  for  a  long  time  continue  to  be  the  great  authority  upon 
these  subjects  for  this  part  of  the  world. 

I  find  also  that  Dr.  T.  Sterry  Hunt  has  in  some  recent  publica- 
tions referred  to  the  talcose  and  micaceous  rocks  about  Portland. ^ 
I  understand  from  conversation  with  him,  that  he  believes  they  are 
to  be  referred  to  the  Huronian,  and  that  they  are  older  than  the 
White  Mountain  gneisses  adjacent  in  Deering,  Gorliam,  etc.,  be- 
cause the  gtieieses  along  the  Grand  Trunk  Railway  in  Maine  have 
low  dips,  while  the  green  schists  are  commouiy  highly  inclined. 

The  general  relations  of  the  rocks  in  this  vicinity  will  be  under- 
stood by  an  inspection  of  our  large  geological  map  of  Maine. 
Only  three  distinctions  appear  upon  it,  viz. ;  Gneiss,  Huronian 
and  Cambrian.  The  first  occupies  a  position  along  the  shore  from 
Gorham  to  past  the  Penobscot  River.  The  second  is  limited  to 
the  towns  east  of  the  Saco  River,  including  the  islands  in  Casco 
Bay,  and  not  passing  east  of  Harpswell.  The  third  lies  to  the 
west  and  northwest  of  Portland.  My  general  theory  of  the  struct- 
ure is  the  following :  The  Green  schists  were  de|>osited  in  a  basin 
of  gneiss,  now  embraced  between  Harpswell  and  Saco  River,  in 
one  direction,  and  between  Deering  and  Westbrook  and  some 
ancient  rim  fifteen  or  twenty  miles  out  to  sea.  Originally  these 
talcose  rocks  may  have  extended  fifty  or  sixty  miles  out  to  sea, 
and  the  force  of  elevation  has  crowded  the  outer  rim  of  gneiss  to- 
wards the  interior,  pushing  up  the  schists  into  a  highly  inclined 
position.     We  have  in  the  gneiss  of  Phippsburg   and  the  Isles  of 

>  PreliroiDary  Report  upon  Geology  and  Natural  History  of  Maiqe.    p.  275, 18G9. 
>  PreBiUential  Address  at  Indianapolis,  p.  10, 
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Shoals,  relics  of  the  outer  rim  which  borders  the  Huronian  rocks 
on  their  ocean  side.  Before  the  submergence  of  the  Gulf  of 
Maine  this  ridge  must  have  been  prominent.  The  gneiss  occupies 
a  position  along  the  shore  from  Gotham  to  beyond  the  Penobscot 
River,  while  the  Huronian  series  is  limited  to  Portland  and  the 
towns  east  of  the  Saco  River. 

This  view  of  the  strati  graphical  relations  of  the  rocks  in  this 
region  is  derived  from  personal  explorations  this  season,  in  con- 
nection with  five  years'  work  on  similar  formations  in  New  Hamp- 
shire. 

There  is  an  interesting  mass  of  granite  to  the  west  of  Saco 
Biver  in  Biddeford,  which  is  extensively  used  for  building.  It 
closely  resembles  the  "Common  or  Franconia  granite"  of  the 
White  Mountains,  which  in  my  papers  upon  New  Hampshire  Ge- 
ology is  referred  to  the  base  of  the  Labrador  System.  It  seems 
to  have  been  poured  out  like  lava  among  the  mountains,  and  to 
have  filled  up  a  hydrographic  basin  four  or  five  hundred  square 
miles  in  extent.  Dr.  T.  S.  Hunt  regards  this  Biddeford  granite 
as  exotic.^    It  seems  to  be  surrounded  by  hard  flinty  slates. 

The  Huronian  System.  The  following  are  the  groups  of  rock 
referred  to  this  system  about  Portland.  Circumstances  prevent 
their  delineation  upon  a  map. 

Green  unctuous  schists,  formerly  called  talcose,  but  now  talcoid 
or  hydro-mica  schists  (the  ledges  commonly  exposed  by  excava- 
tions in  the  city  limits  are  of  this  character ;  they  commonly 
dip  N.  30°  W.,  at  a  very  high  angle,  standing  nearly  vertical) ; 
variously  dark  colored  quartzites ;  arenaceous  mica  schists ;  plum- 
baginous later ;  pyritiferous  slates ;  calcareous  layers ;  argillo- 
mica  schists ;  hornblende  schists  ;  soapstone  ;  masses  of  chlorite, 
but  rarely  chlorite  schists. 

A  drive  along  the  sea-shore  in  Cape  Elizabeth  will  bring  all 
these  varieties  to  view.  At  Knightsville,  on  the  right,  are  calca- 
reous layers ;  on  the  left,  soft  schists.  Passing  the  ridge  beyond 
a  church,  we  can  see  ledges  of  quartzite.  These  are  curiously  cut 
by  joints,  often  but  two  or  three  inches  apart.  They  are  similar  to 
the  jointed  seams  which  have  cut  across  the  pebbles  in  the  conglom- 
erate at  Newport,  R.  I.  Next  succeed  hornblendic  layers.  Still 
fai'ther  along  the  outer  coast  line  or  Cape  Elizabeth,  one  will  see 

>  Araer.  Jonr.  Set.,  Ill,  vol.  i,  p.  a5, 185. 
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various  varieties  of  mica,  plumbaginous,  and  pyritiferous  schists. 
At  Great  Poiul  the  plumbaginous  variety  has  in  early  times  been 
dug  into  with  the  expectation  of  finding  coal.  I  understand  some 
imagine  that  coal  can  now  be  mined  in  this  neighborhood*  It 
should  be  stated  plainly  for  the  benefit  of  such  persons,  that  ex- 
ploration for  coal  in  quantity  in  this  vicinity  will  be  entirely  futile. 
And  if  search  were  to  be  made  for  this  valuable  mineral,  no  rock- 
cutting  would  be  necessary  since  the  strata  everywhere  stand 
nearly  upon  their  edges,  and  their  contents  can  be  perceived  by 
examining  the  surface. 

An  interesting  variety  of  schist  is  that  which  splits  up  into 
pieces  like  rails.  Some  of  them  are  ten  feet  long  and  are  utilized 
by  the  farmers  for  fences,  just  like  rails  split  from  wood. 

The  blackboard  will  show  a  roughly  drawn  section  across  the 
Huronian,  from  Deering  to  the  Cape  Light  House.  There  are  in 
this  at  least  six  folds  of  the  strata.  Supposing  that  Half  Way 
Rock  is  gneiss,  we  have  in  that  and  the  similar  rocks  at  the  Isles 
of  Shoals  relics  of  the  outer  rim  of  the  rock  which  borders  the 
Hurcnian  series  on  their  ocean  side.  Before  the  submergence  of 
the  "Gulf  of  Maine"  this  ridge  must  have  been  prominent,  as  it 
certainly  was  while  these  green  schists  were  being  deposited. 
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SECl'ION  FROM  CAPE  LIGHT  TO    DEEKIMO. 


I  must  here  take  issue  with  Dr.  Hunt  in  respect  to  the  relative 
position  of  the  gneiss  and  green  schists.  Both  of  us  agree  in  re- 
ferring the  former  to  the  White  Mountain  series  of  New  Hampshire, 
and  the  latter  to  the  Huronian  system  of  Logan,  but  he  believes  the 
latter  is  the  older  because  the  gneisses  along  the  Grand  Trunk 
llailway,  in  Maine,  possess  low  dips,  while  the  green  schists  are 
commonly  highly  inclined.    The  following  reasons  favor  our  view : 
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1.  At  the  line  of  junction,  as  observed  in  Deering,  the  two  groups 
of  rock  possess  exactly  the  same  inclination,  of  60°  southeasterly. 
My  father  also  remarked  that  on  approaching  the  northern  border 
of  the  green  schists  the  dip  decreased  in  pitch,  corresponding  with 
that  of  the  gneiss.  If,  in  their  natural  position,  therefore,  the 
gneiss  underlies  the  schist.  2.  The  discovery  of  the  outer  rim 
from  Phippsburg  to  the  Isles  of  Shoals  indicates  a  repetition  of  the 
underlying  rock.  8.  On  comparing  the  similar  rocks  in  New 
Hampshire,  I  find  the  upper  and  lower  sides  of  the  White  Moun- 
tain series  usually  in  contact  with  some  other  formation  than  the 
Huronian.  Hence  I  should  conclude,  if  the  dip  of  the  gneiss  can 
be  invariably  established  as  lower,  that  it  was  formed,  metamor- 
phosed and  elevated  before  the  deposition  of  the  Huronian  sys* 
tem ;  and,  at  the  later  period  of  elevation,  the  slates  being  more 
easily  moulded,  were  forced  into  a  more  vertical  position. 

Perhaps  some  one  may  object  to  referring  this  series  of  schists 
to  the  Huronian,  on  the  ground  that  lithological  resemblance  are 
not  of  sufficient  consequence  to  justify  identification.  Fossils 
may  be  said  to  be  necessary  for  satisfactory  correlation. 

The  following  are  grounds  for  justification :  1.  Logan,  in  1855, 
described  a  system  of  rocks  overlying  unconformably  the  Lauren- 
tian  gneisses  about  Lake  Huron,  which  were  distinguished  by 
means  of  lithological  characters.  AH  geologists,  therefore,  who 
use  the  name  Huronian,  of  necessity  practically  adopt  this  prin- 
ciple, though  perhaps  insensibly.  We  do  not  claim  that  a  talcose 
rock  can  never  be  found  in  any  other  system  than  the  Huronian, 
nor  that  gneiss  may  never  be  interstratified  with  the  hydro-micas. 
Professor  Dana's  recent  paper  shows  that  gneisses,  quartzites  and 
limestones  are  interstratified  in  the  Lower  Silurian  of  western  New 
England.  2.  The  rocks  of  similar  lithological  characters  are  sep- 
arated from  others  in  this  instance  by  stratigraphy,  and  in  no  in- 
stance would  we  claim  that  mineral  character  is  sufi9cient  to 
distinguish  systems  without  a  study  of  the  relations  of  the  strata. 
We  ma}'  sometimes  generalize,  and  believe  that  rocks  of  similar 
mineral  character  must  be  of  the  same  age,  but  such  speculations 
always  provide  for  confirmation  by  a  study  of  the  strata.  3.  It 
has  got  to  be  pix)ved  that  one  kind  of  rock  can  exist  upon  one 
side  of  an  axis  and  another  upon  the  opposite  side,  or,  in  other  • 
words,  that  a  gneiss  can  dip  down  a  valley  and  come  up  on  the 
other  side  as  a  chlorite  schist.  The  presumption  from  all  stud}'  is 
against  such  a  supposition.'  On  the  contrary,  continuity  of  min- 
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eral   character  indicates  similarity  of  age  till  otherwise  proved. 
The  burden  of  proof  is  with  our  opponent. 

Cambrian.  These  rocks  crop  out  in  Saco,  a  dozen  miles  west. 
They  are  clay  slates  and  indurated  argillaceous  schists,  the  latter 
having  a  northwest  strike,  while  the  rocks  of  the  older  series  run 
northeasterly.  These  rocks  are  in  character  and  position  allied 
to  the  Cambrian  Paradoxides  slates  of  Massachusetts,  and  exist 
in  immense  mass  along  the  coast  of  Maine  west  of  Saco,  and  in 
New  Hampshire. 

The  slates  in  Saco  are  quarried  for  roofing  purposes  as  well  as 
slabs  for  sinks,  billiard  tables,  etc.  The  Cascade  Slate  Co.  have 
opened  a  ledge  where  a  cliff  of  fifty  feet  altitude  gives  facilities 
for  cleaving  the  strata.  There  is  no  difficulty  in  getting  slabs 
ten  feet  long.  Between  the  clay  beds  are  harder  strata  with 
quartz  veins  carrying  the  mineral  ankerite.  I  have  found  precisely 
similar  veins  in  New  Hampshire  carrying  gold,  and  presume  the 
same  mineral  may  be  found  in  Saco,  as  well  as  in  Portland.  A 
geologist  would  have  no  reason  to  look  for  coal  in  this  vicinity, 
but  he  would  be  justified  in  searching  for  the  precious  metal. 
This  same  view  has  been  entertained  by  my  father.  Dr.  Jackson, 
and  Dr.  Hunt.  It  should  be  said  of  the  slates  that  they  correspond 
in  character  with  those  at  Brownsville,  Monson,  etc.,  in  the  Pis- 
cataquis region.  As  you  are  aware  these  slates  command  in  the 
market  a  higher  price  than  those  from  Vermont  and  Pennsylvania. 
They  may  be  worthy  of  attention  on  account  of  the  proximity  of 
the  ledges  in  this  neighborhood  to  the  sea. 

In  Windham  there  are  two  ranges  of  mica  schist  accompanied 
by  scanty  layers  of  siliceous  limestone.     The  schist  carries  kya- 
uite   and    staurolite,   and   hence   probably  belongs   to  the   Coos 
Group  of  New  Hampshire.     I  have  been  informed  by  Mr.  Gould, 
Secretary  of  the  Society  of  Natural  History,  that  this  mica  schist 
has  a  course  of  N.  W.  and  S.  E.     If  so,  this  is  a  test  locality  to 
determine  the  correctness  of  a  position  1  have  assumed,  respecting 
the  radical  difference  in  age  between  the  Coos  and  White  Moun- 
tain groups.     If  we  have  here  mica  schists  with  a  N.   W.  strike 
overlying  the  andalusite  gneiss,  there  is  the  same  unconformabillty 
which  I  have  described  as  occurring  in  the  White  Mountains.     I 
refer  the  lower  division  to  a  place  beneath  the  Labrador  series, 
and  the  upper  slates  to  some  uudescribeJ  position  above   the  Lab- 
rador. 
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POST   TERTIARY   DEPOSITS. 

I  have  already  indicated -the  opinion  of  my  predecessors  upon 
the  matter  of  the  succession  of  the  Post  Tertiary  deposits.  Re- 
cent examination  has  led  me  to  assign  a  different  order  to  them 
from  that  referred  to,  and  I  think  all  will  admit  that  the  evidence 
is  satisfactory. 

The  succession,  as  I  read  the  strata,  is  as  follows : 

1.  The  covering  of  this  city  and  the  whole  surrounding  country 
with  an  immense  sheet  of  ice,  which  pushed  towards  the  ocean, 
transporting  bowlders  and  fragments  of  rock,  rounding,  scratching 
and  polishing  the  ledges,  or  the  Glacier  Period. 

2.  A  perioil  of  submergence  to  the  depth  of  forty  or  fifty  feet, 
in  which  arctic  mollusks  inhabiting  the  deep  water,  say  three  hun- 
dred feet,  located  themselves  upon  the  very  spot  where  we  now 
stand.     This  is  the  period  of  the  Leda  Clay. 

3.  Sands  containing  shells  of  animals  living  on  the  sea-shore, 
the  highest  of  them  about  one  hundred  feet  above  tide  water.  This 
is  the  JSaxicava  Period. 

I  proposed  in  1861  the  name  of  Charaplain  Period  for  the  com-  . 
bination  of  the  two  just  mentioned, —  a  term  which  has  generally 
been  adopted  by  American  geologists.     I  first  saw  the  distinction 
of  lower  and  upper  in  the  writings  of  Prof.  C.  B.  Adams,  in  Second 
Annual  Report  upon  the  Geology  of  Vermont  in  1846. 

The  names  Leda  clay  and  Saxicava  sands  were  proposed  for  the 
subdivisions  by  Dr.  Dawson  of  McGill  College,  Montreal,  who 
has  distanced  all  other  cMlectors  of  these  Champlain  fossils  by  the 
enormous  number  of  species  which  he  has  discovered.  He  has 
more  than  doubled  the  lists  as  given  by  all  previous  observers. 

4.  Over  all  these  deposits,  in  the  highest  parts  of  the  city,  is  a 
layer  of  yellow  ferruginous  gravel  with  rolled  bowlders,  usually 
two  or  three  feet  thick,  but  much  greater  on  Bramhall  Hill.  As 
the  highest  part  of  Portland  is  about  one  hundred  and  sixty  feet 
high,  we  are  confident  there  has  been  a  submergence  great  enough, 
since  the  Champlain  Period,  to  cover  entirely  the  city  of  Portland. 
To  this  we  have  heretofore  given  the  name  of  Terrace  Period. 

I  will  not  detain  you  with  the  details  which  might  be  presented 
on  this  topic.  I  will  rather  give  my  theory  of  the  position  of 
these  several  layers,  and  leave  to  the  members  of  the  Association 
the  pastime  of  visiting  such  of  the  localities  as  they  may  desire. 
I  have  colored  one  of  the  beautiful  maps  of  the  city  made  by  Ihc 


Digitized  by  VjOOQIC 


170  B.      NATURAL  BISTORT. 

Coast  Survey,  upon  which  you  may  see  at  a  glance  the  localities 
of  interest.  In  its  preparation  the  members  of  the  Society  of 
Natural  History  have  aided  me.  The  catalogue  of  fossils  from 
this  vicinity  was  prepared  by  C.  B.  Fuller,  and  the  specimens  upon 
which  the  determinations  are  based  can  be  seen  in  the  Natural 
History  collections  in  the  room  above. 

I  will  not  raise  the  question  whether  Portland  was  more  elevated 
than  now  in  the  glacial  period.  The  general  course  of  the  strise 
in  this  neighborhood  is  S.  15°  to  20°  E.  There  id  a  notable  excep- 
tion near  Blue  Point,  Scarboro,  where  they  run  S.  20°  W.  The 
latter  may  have  been  made  by  floating  ice  along  the  sea-shore  in 
a  time  of  submergence.  I  have  measured  a  few  of  the  courses, 
which  I  mention : 

Saco,  slate  quany,  S.  8°  to  5°  E. 

Blue  Point,  S.  20°  W.  crossed  by  faint  lines  S.  10°  E. 

West  edge  Cape  Elizabeth,  Saco  road,  S.  15°  E. 

Evergreen  Landing,  Peak's  Island,  S.  10°  E. 

East  side  of  Peak's  Island,  S.  20°  E. 

East  side  of  Enightsville,  running  up  hill  transversely  S.  5°  E. 

Cape  Light,  south  exactl3\ 

LOCALITIES   OF   FOSSILS. 

Along  cast  side  of  Munjoy's  Hill,  for  four  hundred  yards  between 
Eastern  Promenade  and  Grand  Trunk  Railway. 

Portland  Company's  Works,  St.  Lawrence  street. 

Adams  street. 

Between  Fore  street  and  Custom  House. 

Cove  on  Washington  street  opposite  north  end  of  Race  Course. 

From  this  point  to  Fox  street. 

Between  Washington  and  North  streets. 

In  an  old  pit  on  Congress  street  above  Mountfort  street. 

Almost  anywliere  north  of  Congress  street  between  Alder  and 
Anderson  streets. 

Congress  street  north  of  Reservoir. 

Old  slide  next  Canal,  described  by  Mr.  Morse. 

For  two  hundred  yards  at  the  foot  of  Emery  street. 

Knightsville,  nodules  containing  shells,  fish,  etc.,  very  abun- 
dantly in  Deering,  Westbrook,  Cape  Elizabeth  and  Islands  in 
Casco  Bay. 

I  will  now  give  my  reasons  for  saying  that  all  these  localities  of 
fossils  lie  above  the  glacier  drift. 
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Munjoy's-  and  Bramhall  bills  are  the  true  glacier  drift.  The 
large  striated  bowlders  and  accumulations  of  unmodified  material 
abundantly  present  all  the  usual  phenomena  of  this  deposit.  In 
every  case  the  strata  containing  the  fossils  dip  away  from  these  two 
hills,  the  clay  being  lower  down.  This  dip  shows  conclusively  that 
the  clay  does  not  run  under  the  bowlders,  as  at  first  sight  one 
would  imagine.  I  do  not  mean  the  smaller  bowlders  of  the  upper 
gravel,  which  cover  everything  —  only  the  glaciated  stones. 

Dr.  Wood  informs  me  that  in  an  old  excavation  on  Adams 
street,  he  saw  the  fossiliferous  claj's  overlying  the  coarse  drift  for 
a  considerable  distance. 

Again,  along  West  Commercial  street,  the  clay  has  been  entirely 
removed,  and  where  fossils  once  existed  only  the  underlying 
bowlder  clay  is  now  found. 

A  section  at  the  recent  excavations  at  the  race  course  shows  the 
relative  positions  of  the  underlying  drift,  the  fossiliferous  sand  and 
the  superficial  gravel.  Those  who  desire  to  see  these  different 
members  in  contact  should  examine  this  locality.  It  is  in  these 
sands  that  Mr.  Fuller  found  the  clam  or  mussel  shells  lying  in 
their  native  habitat.  The  siphon  holes  still  remained — only  sand 
had  been  silted  into  them  from  above.  No  fact  could  more  clearly 
establish  our  view  of  the  submergence  of  this  part  of  the  city. 

The  immense  sand  and  clay  plains  to  the  east  and  west  of  us 
seem  to  have  been  deposited  at  the  same  time  with  the  upper 
ferruginous  gravel,  i.  6.,  in  the  Terrace  Epoch.  Ti)e  ferric  condi- 
tion of  the  iron  about  Portland  indicates  that  the  water  was  not 
deep  at  that  time.  No  fossils  have  yet  been  found  in  this,  nor  in 
the  terraces  in  the  vicinity.  As  some  of  the  bowlders  are  two  feet 
in  diameter,  it  would  seem  as  if  floating  ice  may  have  been  an 
agent  in  their  transportation.  This  pebble  bed  ma}'  be  regarded 
partly  as  older  than  the  clays  of  Cumberland  aud  York  counties, 
and  partly  as  representing  the  same  period,  the  stronger  current 
having  carried  the  coarse  materials  across  to  the  shallow  water 
over  what  are  now  the  heights  of  Portland. 

SLIDES. 

Several  slides  have  been  described  in  the  clays  about  Portland, 
particularly  on  the  Presumpscot  River. 

The  first  one  described  (though  not  the  oldest)  occurred  on  the 
north  bank  of  the  Presumpscot  River  above  Pride's  bridge  in  1831 . 
An  account  of  it  was  written  by  my  father. 
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The  next  occurred  in  June,  1849,  on  the  southern  bank  of 
Stroudwater  River,  about  five  miles  from  Portland.  Estimated 
size,  seven  acres. 

A  third  was  described  as  occurring  in  November  in  1868.  This 
is  above  the  slide  of  1831,  and  much  larger  than  any  of  the  others. 

This  and  some  older  ones,  not  known  to  history,  have  been  fully 
described  by  Prof.  E.  S.  Morse  in  the  Proceedings  of  the  Boston 
Society  of  Natural  History  for  1869.  The  following  descriptions 
of  them,  and  the  very  interesting  changes  induced  by  them  in  the 
bed  of  Presumpscot  River,  are  copied  from  his  paper : 

There  are  traces  of  two  slides  of  great  magnitude,  one  of  which 
has  quite  changed  the  former  course  of  Presumpscot  River.  One 
of  these  slides  occurred  within  the  cit3'  limits  of  Portland,  and  has 
formed  the  abrupt  embankment  of  Bramhall's  Hill.  Mr.  C.  B. 
Fuller  and  others  have  oftentimes  remarked  the  evidences  of  a 
slide  at  this  place.  A  few  weeks  since  I  made  a  special  examina- 
tion of  this  spot,  and  all  the  characteristics  of  a  land  slide  are  as 
plainly  seen  as  if  the  slide  occurred  yesterday.  On  looking  down 
from  the  embankment,  the  lateral  ridges  are  seen  to  front  the  em- 
bankment only. 

While  examining  this  slide,  my  attention  was  attracted  to  the 
evidences  of  a  river  once  running  through  Deering's  Oaks  and  into 
Back  Cove,  showing  clearly  a  broad  river  bed.  As  one  passes 
over  the  Portland  and  Rochester  railroad  bridge,  and  examines  the 
estuary  across  which  the  bridge  is  built,  he  cannot  help  remarking 
the  evidences  of  the  former  presence  of  a  river  at  that  place, 
pouring  into  Back  Cove.  The  traces  of  a  terrace  plainly  exist. 
To  the  west  of  this  region  are  scattered  brickyards,  and  the  whole 
surface  is  low  and  clayey,  the  surface  sand  being  quite  removed, 
and,  as  I  believe,  by  a  series  of  land  slides.  All  these  evidences 
prove  that  at  one  time  a  large  body  of  water  poured  through  this 
region,  cutting  out  the  long  estuary  called  the  "  Fore  River,"  pro- 
ducing the  Bramhall  slide,  and  at  one  time,  on  being  turned  aside 
through  Deering's  Oaks,  assisting,  at  least,  in  wearing  out  the 
estuary  called  Back  Cove.  Certainly  the  Stroud  water  River  is  too 
small  a  stream  to  have  produced  these  results,  since  it  has  no 
natural  reservoir,  and  drains  but  a  small  portion  of  country.  My 
brother,  who  is  quite  thoroughly  versed  in  the  surface  features  of 
this  region,  concurs  with  me  in  the  opinion  that  at  one  time  the 
Presumpscot  River  flowed  througli  these  estuaries  and  originally 
formed  the  Fore  River  estuary. 
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An  additional  proof  of  this  is  seen  in  the  traces  of  another  slide 
of  great  magnitude,  which  we  believe  first  tamed  the  Presumpscot 
River  into  its  present  course.  The  outlet  of  this  slide  is  occupied 
by  the  village  of  Saccarappa.  It  will  be  noticed  that  this  slide 
occurred  on  the  south  side  of  the  river,  at  the  precise  angle  where 
it  would  be  expected,  and  is  of  sufficient  magnitude  to  have  pro- 
duced these  results.  And  furthermore  my  brother  has  partly 
traced  the  old  bed  of  the  river,  commencing  south  of  Saccarappa 
and  running  through  marshy  land  whose  waters  empty  into  Fore 
River. 

As  to  the  evidences  of  the  Saccarappa  slide,  they  are  of  the 
most  positive  character.  In  the  first  place  the  village  rests  upon 
a  level  plain  of  clay,  and  bordering  this  on  all  sides  is  an  embank- 
ment from  ten  to  twenty  feet  in  height.  The  upper  portion  of 
this  depression  has  always  been  called  by  the  inhabitants  "War- 
ren's cellar,'*  and  indeed  many  have  regarded  this  area  as  sunken 
land.  In  digging  wells  and  sewers,  trunks  and  branches  of  trees 
are  met  with  at  a  depth  of  thirty  feet  fVom  the  surface.  My 
brother  sends  me  a  birch  stick,  and  says  it  was  dug  out  at  a  depth 
of  twelve  feet  from  the  surface,  and  about  an  eighth  of  a  mile  from 
the  present  bed  of  the  river.  A  great  many  pieces  of  wood  have 
been  found  in  digging  for  a  sewer ;  some  loam  has  been  found,  but 
not  much.     I  saw  one  leaf  that  was  dug  out ;  it  was  quite  fresh. 

Another  gentleman  informs  me  that  he  saw  a  number  of  leaves 
of  the  GauUheria  procumbens^  which  were  still  green,  taken  out  at 
a  depth  of  thirty  feet.  Some  bones,  presumed  to  be  those  of  a 
bear,  were  also  found. 

I  think  there  are  evidences  of  another  slide  running  to  the  south 
of  the,  Saccarappa  slide,  and  if  this  is  the  case,  it  will  lend  addi- 
tional proof  to  the  hypothesis  that  the  river  formerly  had  a  south- 
erly course. 

I  have  rudely  estimated  the  superficial  area  of  the  slide  at  one 
hundred  and  eighty-tliree  acres. 

Prof.  Morse  also  informs  me  that  since  his  paper  was  published, 
Mr.  Jonas  Hamilton,  while  superintending  the  excavations  for  the 
Portland  and  Ogdensburg  railroad  engine  house,  came  across  sticks, 
leaves  and  all  the  debris  of  a  land  slide,  at  a  depth  of  fourteen 
feet.  This  excavation  was  made  on  the  site  of  the  supposed 
Bramhall  slides.  This  is  important  evidence  of  the  correctness 
of  the  views  advanced  by  Mr.  Morse. 
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The  followiDg  is  a  list  of  all  the  Champlain  fossils  that  have  been 
found  in  the  vicinity  of  Portland  by  C.  B.  Fuller. 


VERTEBRATA 


Two  specieB  of  Whale. 
MRHotns  villosas. 
Scales  of  R:iy8. 
Teetb  of  Shark. 


CRUSTACEA. 

Cancer  IrroratUB  Say. 
liyas  coarctata  Leach. 
Bernhardus  Streblonyx  Dana. 
B.ilauus  balaiioidefi  Linn. 

*'       crenatus. 
Cythera  leiodernia  (Norman). 
lutea(MUU.). 
*•       MacChcsiieyi  (Brady  and  Cross- 
key). 
*"       emarginata  (Sars). 
**       ooncinna  (Jones). 
*•        Dawdoni  (Brady). 
"       liniicola  (Norman). 
"       ciispidutji  (Brady  and  Crosbkey). 
"       dunelmenBia  (Norman). 
Cytheridea  pnpillosa  (Bosquet). 

•'       cornea  (Brady  and  Robertson). 
"       Sorbvana  (Jonefl). 
*'        Wilnamsoniana?  Bosquet. 
Loxoconcha  jrranulaia  (Sars). 
Xeatoleberls  depre^^a  (Sars). 
Cytherura  nigrei»(*en8  (Baird). 
"  Sarsii  (Brady). 

•*  criHtata  ( Brady  and  Crosskey ). 

"  striata  (Sara). 

**  gninulaia  (Brady  &  Crosskey). 

•   **  iindata. 

Cytheropteron  latisKinium  (Norman). 

**  com plnn atom  (Bi'ady  and 

Crosskey). 
"  nodosum  (Brady). 

Sclerochilas  contortus  (Norman). 
Paradoxostoma  variabile  (Balrd). 


OTHER  ARTICULATA. 

Nereis. 

Spirorbis  spirellum. 


MOLLUSCA. 

Rhynchonella  pslttacea  Gm. 
Terobratiilina  septentrionalis  Couth. 
Ostrea  borealis  I^am. 
Pectcn  Islandicus  Ch. 
Niicnla  antiqiia  Migh. 
Toldia  pygmasa  Muud. 

**      limatula  Say. 
Purpura  lapillns  Lam. 
Tectura  testudinalis  Stm. 
Leda  jrlacialis  Gray. 

*'      tenuiBulcata  Couth. 
Modiolari.i  nigra  Gray. 
Mytilus  eduliH  Linn. 
Cardiuni  pinnntnlum  Ca. 
Serripes  Grudandicus  Ch. 
Cryptodon  Gouldil  Phil. 
Astarte  fiemisulcata  Moll. 

•*      lac  tea  Br.  and  Sow. 

'*      striata  Leach. 


Martra  polynyma  Stm. 
Macoma  subuloaaSprengL 

"       ftisca  Say. 
Solen  cnsiH  Linn. 
Mya  arenaria  Linn. 
"    truncata  Linn. 
Cyrtodaria  siliqua  Sprengl. 
Saxicava  distoita  Say. 
*'       arctica  Linn. 
Thracia  Conrndt  Couth. 
*'       truncata  Migh. 
Lyonsla  arenosa. 
Pandora  trilineata  Say. 
Pholas  Crispata  Linn. 
Bulla  occulta  Migh. 
Cemoria  noachina  Linn. 
Margarita  ciner«a  Cent. 
Aporrhais  occidentale. 
Natica  pusilla  Say. 

•*      clausaSw. 

Buccinum  Groenlaodioam. 

''         undatum  Linn. 

".       ciliatum  Fabr. 

'•         Donovaid  Gray. 

Trophon  scalariformis  Stm. 

"       clathratus  Linn. 
Bela  harpulai'ia. 

•'    pleurotoniaria  Couth. 
Fusus  toruatus  Gould. 

**      decemcoHtatns  Say. 
Trichotropiti  borealis  Br.  and  Sw. 
Lepralia  hyalina  Linn. 
"       variolosa. 
•*       BeUii. 
Tubulipora. 
Membranipora. 


RADIATA. 

Echinarachinus  parma  Gray. 
Echinus  granulatus  Say. 


FORAMINIFERA. 

Lagena  sulcata. 

"       semistriata. 

**       substriata. 

"       gracilis. 

"       clavata. 

"       globosa. 
Entosolenia  squamosa. 
*^  caudnta. 

"  marginata. 

Lingalina  carinata. 
Polymorphina  lactea,  var.  compressa, 
Nonionina  scapha. 

''  striaiO' punctata. 

BnUmina  ftisiformis. 
**         pupoides. 
Triloculina  tricarlnata. 

*•  oblonga. 

Truncatulina  lobatullna. 
Quinquelociilina  scroinulum. 
Dentalina  snbarcnata. 
Textularia  variabilis. 
S peril ina  foliacea. 
Polystomella  umbilicatula. 
Patellina  coiTUgata. 
Globigerina  buTloidcs. 
Biloculiua  ringens. 
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Dr.  Packard,  in  his  able  memoir,  points  oat  the  distribution  of 
the  marine  animals  of  our  coast.  The  Arctic  fauna  is  at  present 
confined  to  the  limits  of  North  Greenland  and  about  the  pole  at 
the  isotherm  of  0°  C.  This  is  succeeded  by  the  Labrador  or  Syr- 
tensian  fauna  extending  now  as  far  as  the  mouth  of  the  Bay  of 
Fundy.  Our  present  New  England  or  Acadian  fauna  extends  from 
the  southern  limit  of  the  Syrtensian  to  Cape  Cod,  and  also  ap- 
pears in  several  places  above  the  lower  limit  of  the  latter.  The 
lower  British  Provinces  exhibit  one  or  the  other  of  these  faunas 
according  to  the  presence  of  the  polar  current  or  the  influence  of 
the  Gulf  Stream. 

The  fauna  of  Portland  in  the  Champlain  corresponded  to  the 
Syrtensian,  or  the  colder  one.  It  seems  to  have  extended  as  far 
south  as  Gloucester  or  Cape  Ann.^  The  northern  limit  of  the 
Acadian  fauna  during  the  same  period  was  near  Point  Shirley, 
Winthrop,  Mass.  Thus  the  cold  was  sufficient  to  bring  the  boreal 
life  two  and  a  half  degrees  farther  south  than  it  is  found  at  the 
present  day. 

Some  have  argued  that  the  Champlain  period  is  coeval  with  that 
of  the  glacier  drift.  I  understand  that  the  supposed  superposition 
of  bowlders  at  Portland  and  at  Point  Shirley  is  relied  upon  to  sus- 
tain this  view.  I  think  I  have  shown  clearly  that  all  the  bowlders 
over  the  fossiliferous  deposits  about  Portland  belong  to  the  ter- 
race period.  I  judge  the  same  to  be  true  at  Point  Shirley,  since 
Stimpson  states  the  dip  of  the  sands  to  be  eigliteen  degrees. 
Hence,  though  we  cannot  reduce  the  number  of  periods  b}^  uniting 
the  Drift  and  Champlain,  we  establish  the  reality  of  their  differ- 
ence ;  and  thus  contribute  to  the  advancement  of  truth. 

*  Shaler,  Proc.  Boston  Soc.  Nat.  Hist.,  vol.  xl,  p.  30. 
Note. — ^I  will  here  take  occasion  to  correct  an  error  In  a  paper  rend  last  year  at 
Dubuque  upon  **  Recent  Geological  Discoveries  among  the  White  Mountains."    Upon 
page  146,  line  eight  Arom  the  bottom,  for  Cambrian  read  Pre-Cambrian. 
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On  the  Question  "Do  Snakbs  Swallow  theib  Young?"    By 
G.  Bkown  Goode,  of  Washington,  D.  C. 

It  has  long  been  a  popular  belief  that  the  young  of  certain 
snakes  seek  temporary  protection  from  danger  by  gliding  down 
the  open  throat  of  the  parent.  This  has  been  doubted  by  many 
naturalists,  and  the  general  disposition  has  been  to  class  the  belief 
among  the  popular  superstitions.  This  paper  is  intended  to  sum 
up  the  evidence,  which  will  show,  it  is  hoped  conclusively,  that  the 
popular  idea  is  sustained  by  facts. 

Allusions  to  this  habit  are  found  as  early  as  the  sixteenth  cen- 
tury. In  the  "  Faerie  Queene,"  Spenser  describes  Error  in  these 
words : 

**  But  ftill  of  fire  and  greedj  hardiment 

Tbe  yoatbCuU  knight  conld  nob  for  ought  be  Bfcaide : 

But  forth  unto  thednrksom  hole  he  went, 

And  looked  in :    His  gli string  armor  made 

A  litle  glooming  light,  much  like  a  shade; 

By  which  he  saw  the  ugly  monster  plaine, 

Haife  like  a  serpent  horribly  displaide, 

But  th*  other  halfe  did  womans  shape  retalne, 

Most  lothsom,  illthie,  foule  aud  ftiU  of  vile  dlsdaino. 

"  And.  as  she  lay  upon  the  durtie  ground, 

Her  huge  long  taile  her  den  all  oTcrspred, 

Yet  was  in  knot.**  and  many  boughtes  upwound, 

rolnted  with  mortall  sting.    Of  her  there  brad 

A  thousand  yong  ones  which  she  dayly  fed. 

Sucking  upon  her  poisnous  dugs;  each  one 

Of  sundrie  shapes,  yet  all  ill-foyored: 

Soane  of  that  uncouth  light  upon  them  thone. 

Into  her  mouth  they  crept^  and  suddain  all  were  gone. 

"  She  poured  forth  out  of  her  hellish  sinke 
Her  fimitful  curted  epavme  of  terpents  tnuM^ 
Deformed  monsters,  fowleand  blacke  as  inke 
Which  swarming  all  about  his  legs  did  crall, 
And  him  encombrd  sore,  but  could  not  hurt  at  all. 

"  Her  scattred  brood,  soone  as  their  parent  dearo 
They  saw  so  rudely  falling  to  the  ground, 
Groning  full  deadly  all  with  troublous  feare 
Gathred  themselves  about  her  body  round, 
Jfeening  their  wonted  entrance  to  ?Mve  found 
At  her  tcide  nmth;  but,  bein^  ihere  w.tlwtood, 
They  flocked  all  about  her  bleeding  wound, 
And  Hucked  up  tlieir  dying  mothers  bloud 
Making  iter  death  their  life,  and  eke  her  hurt  their  good.** 

[«•  The  Faerie  Queene,»  1590,  Book  1,  Canto  1,  w.  U,  15,  «  and  25.] 
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In  Browne's  "Vulgar  Errors"  may  be  found  the  following  ac- 
count of  the  Viper : — "For  the  young  ones  will  upon  any  fright 
for  protection  run  into  the  belly  of  the  Dam :  for  then  the  old  one 
receives  them  in  at  her  mouth,  which  way,  the  fright  being  past, 
they  will  returne  againe ;  which  is  a  peculiar  way  of  refuge,  and 
though  it  seems  strange  is  avowed  by  frequent  experience  and 
nndenlable  testimony."^ 

Gilbert  White  refers  to  the  prevalent  belief  In  this  habit  of  the 
viper,  and  though  rather  inclined  to  favor  it,  he  is  evidently  shaken 
in  his  faith  by  the  adverse  testimony  of  the  London  viper-catch- 
er8.2 

M.  Falisot  de  Beauvois,  an  eminent  French  naturalist,  published 
in  1802  some  very  important  observations  on  the  rattlesnake, 
which  will  be  quoted  hereafter. 

8.  John  Dunn  Hunter,  an  early  traveller  in  the  United  States, 
says : — "When  alarmed,  the  young  rattlesnakes,  which  are  gen- 
erally eight  or  ten  in  number,  retreat  into  the  mouth  of  the  parent 
and  reappear  on  its  giving  a  contractile  muscular  token  that  the 
danger  is  past."^  A  few  years  later  a  long  discussion  occurred 
in  the  "Gardener's  Chronicle"  which,  however,  reached  no  satis- 
factory conclusion. 

In  a  note  to  the  eighth  edition  of  "Selborne,"  Sir  William 
Jardine  says: — "The  question  remains,  we  believe,  nearly  as  it 
did  in  White's  time.  The  supposed  habit  is  so  much  at  variance 
with  what  we  know  of  the  general  manners  and  instincts  of 
animals,  that  without  undoubted  proof  of  its  occurrence  we  are 
inclined  to  consider  It  as  a  popular  delusion."^ 

In  1865  Mr.  M.  C.  Cooke,  editor  of  "Science  Gossip,"  made  a 
strong  argument  ih  the  affirmative. * 

Mr.  F.  W.  Putnam  published  in  the  year  1869^  a  very  thorough 

■**P6endodoxia  Epidemlca:  or,  Enquiries  luto  vory  maoj  received  Tenents  and 
commonly  preanmed  Trufcbs.  By  Thomas  Browne,  Dr.  of  Physiok.'*  London,  1646, 
p.  143. 

■••The  Natural  History  of  Selbonie,"  1789.  Series  1.  letter  xvll;  Series  2,  letter  xxxi. 

^•'Memoirs  of  a  Captivity  among  the  Indiana  of  North  America,^'  Ijondoa,  1823,  p. 
170;  and  ••North  American  Review,"  1826,  pp.64.  85-107. 

«**Natiiral  History  of  Selborne,'*  London,  1853,  p.  58. 

•'•Our  Reptiles,"  London,  Itm,  p.  58. 

•••American  Naturalist,"  vol.  ii,  p.. 173.  To  this  article,  which  first  interested  me  in 
the  subject,  I  owe  many  valuable  suggestions.  I  am  also  indebted  to  Prof.  Baird,  to 
Prof.  Theo.  Oill,  to  Prof.  W.  N.  Rice  of  Middletown  and  to  Mr.  James  Simson  of  New 
York,  who  have  called  my  attention  to  facts  which  would  otherwise  have  escaped  iqy 
notice. 

A.  A.  A.  8.  VOL.  XXII.  (12) 
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discussion  of  tlie  qaestion.^  He  speaks  of  it  as  still  nnsett1c<1 
and,  though  sympathizing  fully  with  Mr.  Cooke,  asks  for  addi- 
tional proof. 

During  the  past  year  an  animated  discussion  has  been  carric<1 
on  in  the  London  ^^Land  and  Water."  Mr.  James  Simson  and 
others  have  argued  for  the  affirmative  but  Frank  Buckland,  tlie 
editor,  classes  the  belief  among  the  numerous  popular  delusions 
and  persistently  refuses  to  believe  until  he  or  some  other  natural- 
ist has  personally  investigated  the  subject. 

The  feeling  of  the  majority  of  naturalists  at  the  present  time 
seems  to  be  well  expressed  in  these  words: — ''The  cumulative 
testimony  of  many  witnesses  would  compel  us  to  receive  this  sup- 
posed habit  as  an  established  fact,  did  not  experience  warn  us 
of  the  extreme  liability  of  untrained  observers  to  be  raipled  by 
preconceived  opinions.  The  fact  that  no  competent  naturalist  has 
found  young  vipera  in  the  stomach  or  oesophagus  of  the  mother 
raises  a  strong  presumption,  on  the  doctrine  of  probabilities,  of 
its  being  a  mere  delusion.  The  habit  moreover  would  be  contrary 
to  the  ordinary  laws  of  animal  instinct  which  lead  both  parent  and 
offspring  to  adopt  the  best  available  means  for  the  preservation  of 
the  race.''' 

Theorizing  upon  this  question  has  proved  useless,  and  it  is  ob- 
vious that  it  can  only  be  settled  by  the  statements  of  persons  who 
have  seen  the  act.  Believing  that  none  would  be  so  likely  to 
supply  the  desired  facts  as  those  whose  vocation  brings  them  into 
daily  contact  with  snakes  in  their  native  haunts,  I  wrote  a  short 
note  to  Mr.  Orange  Judd,  Editor  of  the  ^'American  Agriculturist," 
which  he  kindly  inserted  in  the  issue  of  that  magazine  for  Febru- 
ary, 1873. 

As  a  result,  over  eighty  letters  were  received,  from  persons  in 
twenty-four  states  and  provinces,  almost  every  one  containing 
valuable  evidence.  Many  of  the  writers  seem  indignant  that  a  fact 
so  well  known  to  them  should  be  questioned.  On  the  depositions 
of  these  witnesses,  together  with  those  collected  by  diligent  per- 
sonal inquiry,  the  case  must  rest. 

A  farmer  living  in  Mechanicsburg,  Ohio,  writes: — "In  1835  I 
saw  on  the  bank  of  Deer  Creek  a  lai'ge  water  snake.  I  procured 
a  pole  for  the  purpose  of  killing  her.  One  stroke  slightly  wounded 
her  and  she  immediately  made  for  the  water :  after  she  had  swam 

»»'p»'  (Yorktown,  Virginia)  in  "Lnnd  and  Water,"  xv,  p.  78,  Feb.  1,  }S1Z, 
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about  her  length  she  wheeled,  placing  her  under  jaw  just  out  of 
the  edge  of  the  water,  then  opening  her  mouth  to  the  fullest  ex- 
tent. Some  dozen  young  snakes,  three  to  four  inches  long,  then 
seemed  to  run  or  rather  swim  down  her  throat,  after  which  she 
clamsily  turned  in  search  of  a  hiding  place.  I  opened  her  and 
found  about  twenty  living  young  snakes,  two  or  three  seven  or 
eight  inches  long." 

A  gentleman  in  Georgetown,  S.  C,  writes : —  "  I  had  for  several 
days  noticed  a  very  large  moccason  coiled  around  the  limb  of  a 
small  tree  near  the  pond.  I  concluded  to  capture  it  and  accord- 
ingly procured  a  large  rabbit  and  placed  it  some  way  up  from  the 
X>ond  to  toll  her  away  from  the  water.  She  soon  came  down  and 
disappeared  under  a  large  log ;  wheu  next  seen  she  was  near  the 
bait,  having  traced  it  along  the  log  on  its  opposite  side.  When 
she  had  nearly  swallowed  the  bait  we  made  an  advance ;  quickly 
disgorging  it  she  gave  a  shrill  whistling  noise,  and  five  young 
snakes  ran  from  under  the  log  and  ran  down  the  throat  of  the  old 
one.  We  cut  off  her  head  and  found  the  five  young,  which  made 
efiforts  to  get  away." 

A  farmer  in  Rosendale,  N.  Y.,  writes  : —  "I  was  one  day  mowing 
and  coming  close  to  a  smooth  flat  rock,  I  thought  I  saw  as  many 
as  a  dozen  snakes  on  it.  I  ran  for  a  fork  which  was  standing 
witliin  a  few  yards  and  when  I  came  back  there  was  only  one 
snake  on  the  rock.  I  struck  it  on  the  back  and  seven  snakes  ran 
out  of  the  mouth." 

A  letter  from  Chesterfield,  N.  H.,  says : —  "  I  saw  a  striped  snake 
on  the  hillside,  and  noticed  something  moving  about  her  head,  and 
counted  twenty  little  snakes,  from  one  and  a  half  to  two  inches 
long.  I  made  a  move  and  the  old  one  opened  her  mouth  and  they 
went  in  out  of  sight.  I  stepped  back  and  waited  and  in  a  few 
moments  they  began  to  come  out.  Then  I  made  for  the  old  snake 
and  killed  her  and  forced  out  several." 

A  farmer  in  Newbury  port,  Mass.,  writes :— r "  Riding  through  a 
large  corn  field,  in  the  centre  of  which  was  a  large  shelving  rock, 
X  observed  on  the  top  a  curious  commotion,  but  on  near  approach 
found  nothing.  My  curiosity  was  excited,  and  the  next  day  I 
repaired  to  the  spot  very  cautiously,  and  on  the  top  of  the  rock 
saw  an  enormous  striped  suake  sunning  herself,  surrounded  by  a 
bevy  of  young  four  to  sij^  inches  long.  After  viewing  thena  to 
my  satisfaction  I  mad@  a  demonstration,  and  to  my  surprise  the 
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old  snake  opened  her  month  very  wide,  the  little  snakes  ran  down 
her  throat  and  then  she  disappen-ed  in  the  shelving  rock.  I  re^ 
peated  the  experiment  a  number  of  days  to  the  same  effect." 

The  total  number  of  testimonies  in  my  possession  is  one  hundre<I 
and  twenty.  Sixty-seven  witnesses  saw  the  young  snakes  enter 
the  parent's  mouth  ;  twenty-two  of  these  heard  the  young  warned 
by  a  whistle  or  hiss  or  click  or  sound  of  the  rattles ;  five  were 
considerate  enough  to  wait  and  see  them  reappear  when  danger 
seemed  over ;  one  seeing  the  act  repeated  on  several  days. 

Three  saw  young  snakes  coming  out  of  a  large  one's  month,  and 
not  having  seen  them  enter  were  naturally  much  astonished.  Five 
struck  the  parent  and  saw  the  young  rush  fV'om  its  mouth ;  eighteen 
saw  the  young  shaken  out  by  dogs  or  running  from  the  mouth  of 
the  dead  parent.  Thirty-six  of  those  who  saw  the  young  enter 
the  parent's  mouth  found  them  living  within  its  body.  Only 
twenty  of  the  sixty-seven  allowed  the  poor,  affectionate  parent  to 
escape.  Thirty-three  who  did  not  see  the  3'oung  enter  found 
them  living  within  the  parent's  body.  Testimony  of  this  charac- 
ter concerning  the  ovo-vivi parous  species  is,  however,  to  say  the 
least,  dubious. 

It  may  be  objected  that  these  are  the  testimonies  of  laymen,  of 
untrained  observers,  of  those  who  might  be  influenced  in  their  ob- 
servations by  their  prejudices.  I  reply  that  the  letters  are  from  a 
class  of  well-informed  farmers,  mechanics  and  business  men,  intel- 
ligent readers  of  a  practical  agricultural  magazine.  The  act  of 
swallowing  the  young  is  of  such  a  character  as  to  admit  little  room 
for  error  in  the  observations,  and  I  find  that,  as  a  general  rule, 
opinions  on  the  subject  are  current  only  among  those  wlio  have 
had  it  brought  to  their  notice  by  tiieir  own  experience  or  that  of 
their  friends.  Due  weight  should  be  given  to  the  wide  distribu- 
tion of  the  witnessed,  and  the  remarkable  concurrence  in  their 
statements. 

Let  us  not,  however,  trust  entirely  to  the  statements  of  the  un- 
trained observer.  Says  Mr.  Cooke : —  "  Clergymen,  naturalists, 
men  of  science  and  repute,  in  common  with  those  who  make  no 
profession  of  learning,  have  combined  in  this  belief.®  We  add 
the  statements  of  gentlemen,  the  accuracy  of  whose  observations  in 
other  departments  of  natural  history  would  surely  not  be  doubted. 
Prof.  Sydney  I.  Smith,  of  the  Sheffield  Scientific  School,  saw  a 

•  "  Our  Reptiles/'  p.  76. 
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ribbon  snake  {Eutcenia  saurUa)^  about  two  feet  long,  accompa- 
nied bj  two  young  ones  of  three  or  four  inches ;  on  a  hiss  from 
the  parent  they  disappeared  down  its  throat.  The  parent  was  killed 
and  two  ran  out  of  its  mouth,  while  a  third  was  found  alive  in  the 
body.  Dr.  Edward  Palmer,  a  well  known  traveller  and  collector, 
assures  me  that  when  in  Paraguay  with  the  "Waterwitch  expedi- 
tion, he  saw  seven  young  rattlesnakes  (Caiidisona  terrifica)  run 
into  their  parent's  mouth.  After  it  was  killed  they  all  ran  out. 
These  snakes,  parent  and  brood,  are  preserved  in  the  U.  S.  National 
Museum,  Washington. 

Rev.  Chauncey  L.  Loomis,  M.D.,  of  Middletown,  Conn.,  a  keen 
and  enthusiastic  observer,  saw  a  black  snake  (Coluber  AUeghanien- 
sisf)  open  its  mouth,  allow  seven  young  ones  to  enter  and  then 
glide  away. 

D.  L.  Phares,  M.D.,  of  Woodville,  Miss.,  writes:—"  A  few 
years  ago  a  gentleman,  directing  some  hands  at  work  on  my  lawn, 
heard  a  low,  blowing  noise,  and  on  looking  saw  a  large  water 
moccason  {Tozicophis piscivoriAS^  I  believe)  and  a  large  number  of 
young  hurrying  to  her  head  and  disappearing  so  rapidly  that  he 
first  thought  they  ran  under  her.  He  soon  discovered  that  they 
went  into  her  slightly  opened  mouth,  which  was  held  close  to  the 
ground  till  they  had  all  entered.  She  then  attempted  to  escape, 
but  was  cat  in  two  with  a  hoe.  We  took  from  her  a  large  number 
of  young,  eight  or  ten  inches  long." 

I  might  take  from  Mr.  Cooke's  work  several  statements  equally 
to  the  point.  I  quote  from  the  "Zoologist"  a  note  concerning  the 
scaly  lizard  (Zootoca  vivipara)^  which  has  an  important  bearing 
upon  the  question.  Says' the  editor,  Mr.  Newman: — "My  late 
lamented  friend,  William  Christy,  Jr.,  found  a  fine  specimen  of 
the  common  scaly  lizard  with  two  young  ones ;  taking  ai;i  interest 
in  everything  relating  to  natural  history,  he  put  them  into  a  small 
pocket  vasculum  to  bring  home,  but  when  he  next  opened  the  vas- 
culum  the  young  ones  had  disappeared,  and  the  belly  of  the  parent 
was  greatly  distended ;  he  concluded  she  had  devoured  her  own 
offspring.  At  night  the  vasculum  was  laid  on  a  table  and  the 
lizard  was  therefore  at  rest ;  in  the  morning  the  young  ones  had 
reappeared  and  the  mother  was  as  lean  as  at  first."^ 

Mr.  Putnam  has  kindly  put  into  my  hands  a  note  from  Thomas 
Meehan,  of  Philadelphia,  containing  strong  affirmative  testimony 

•  '*The  Zoologist,"  p.  2889. 
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in  the  case  of  the  English  viper  as  observed  by  him  in  the  Isle  of 
Wight ;  also  a  note  from  Herman  Strecker  of  Reading,  Pa.,  who 
says : — "Some  3'ears  ago  I  came  across  a  garter  snake  (Eutoenta 
sirtalis)  with  some  young  ones  near  her.     Soon  as  she  perceived 
me  she  hissed  and  the  yoang  ones  jumped  down  her  throat,  and 
glided  beneath  a  stone  heap.     Another  time  I  caught  a  snake  of 
the  same  species,  but  as  I  thought  of  immense  size,  which  I  took 
home  and  put  in  a  cage ;  on  going  to  look  at  her  some  short  time 
afterwards  I  discovered  a  great  number  of  young  ones   (about 
thirty  if  I  recollect  rightly)  and  while  I  was  still  looking  at  the 
sudden  increase,  two  more  crept  out  of  the  old  one's  mouth,  and 
finally  after  a  little  while  a  third  one  did  likewise." 

Prof.  C.  F,  Brackett,  of  Princeton  College,  sends  me  a  note 
which,  besides  throwing  light  upon  the  question  under  considera- 
tion, gives  a  very  interesting  instance  of  hereditary  instinct;  he 
writes : — "About  twenty-five  years  ago  I  saw  the  following  things : 
A  workman  who  was  mowing  in  my  father's  hay-field  came  upon  a 
moist,  moss-grown  knoll,  and  his  scythe  cleft  off  a  portion  of  the 
thick  moss  and  sphagnum  and  revealed  several  (at  least  a  dozen, 
I  should  say)  small  soft  bodies  which  he  declared  to  be  snakes' 
eggs.  I  at  that  time  having  no  knowledge  of  such  matters  was 
incredulous,  and  proceeded  to  tear  one  of  them  open,  when  to  my 
surprise,  there  appeared  a  small,  perfectly  formed  milk  adder,  which 
immediately  assumed  a  pugnacious  attitude,  and  brandished  its 
tongue  as  defiantly  as  an  old  snake  would  have  done.  Other  eggs 
were  torn  open  with  like  results.  Soon  the  old  snake  appeared 
and  after  endeavoring,  apparently  to  encourage  the  young  family, 
thus  suddenly  initiated  into  the  world,  it  put  its  mouth  down  to 
the  ground,  and  every  one  that  had  been  liberated  from  the  egg 
voluntarily  and  hastily  disappeared  within  the  abdomen  of  the  old 
one  (mother?).  Last  of  all  I  put  the  point  of  a  pitchfork  through 
the  old  snake  and  fulfilled  the  scriptural  injunction  of  bruising  its 
head,  when  with  a  pocket  knife  I  opened  the  abdomen  and  found 
the  yonng  ones  still  active." 

The  snake  referred  to  by  Prof.  Brackett  is  apparently  the  com- 
mon milk  snake  (Ophibolus  triangnlum). 

Col.  Nicolas  Pike,  late  U.  S.  Consul  at  the  Mauritius,  assures 
me  that  he  has  seen  the  garter  snake  {Eutcenia  sirtcUis)  afford  its 
yonng  family  temporary  protection  in  its  throat,  from  which  they 
were  soon  noticed  to  emerge. 
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Oar  last  witness  is  one  who  appears  to  have  been  overlooked 
throughout  this  discussion,  one  whose  statement,  it  would  seem, 
ought  of  itself  to  have  decided  the  question  long  ago.  M.  Palisot 
de  Beauvois,  an  eminent  French  naturalist,  member  of  the  Institute 
and  Conncillor  of  the  University  of  Paris,  thus  details  an  observa- 
tion made  near  the  close  of  the  last  century  2 — When  making  my 
first  excursion  into  the  Cherokee  country,*^  I  happened,  while  bot- 
anizing, to  see  a  rattlesnake  in  my  path.  I  approached  as  softly 
as  possible,  but,  just  as  I  was  about  to  strike,  imagine  my  surprise 
to  see  it,  after  sounding  its  rattle,  open  a  very  large  mouth  and 
receive  into  it  five  little  serpents,  each  about  the  size  of  a  goose- 
quilL  Astonished  at  this  singular  spectacle  I  retired  some  dis* 
tance  and  hid  behind  a  tree.  After  some  minutes,  the  animal, 
believing  itself  out  of  danger,  again  opened  its  mouth  and  allowed 
the  little  ones  to  escape.  I  advanced  ;  the  little  ones  retreated  to 
their  stronghold,  and  the  mother  carrying  her  precious  treasure, 
disappeared  among  the  underbrush  where  I  was  not  able  to  find 
her."" 

We  have  the  opinion  of  Dr.  Jeffries  Wy  man, ^*  Prof.  Gill  and  other 
physiologists,  that  there  is  no  reason  why  the  young  snakes  may  not 
live  for  a  time  within  the  parent.  It  would  be  very  difiOicult  to 
smother  a  reptile,  even  in  such  close  quarters,  and  lizards,  toads 
and  snakes  have  often  been  rescued,  unharmed,  after  a  sojourn  in  a 
snake's  stomach.  It  is  a  well  known  fact  that  living  tissues  are 
acted  upon  very  feebly  by  the  gastric  juice.^^ 

The  supposition  that  the  serpents  swallow  their  •young  for  food 
is  manifestly  absurd,  for  the  act  is  purely  voluntary  with  the  young 
snakes.  If  the  habit  is  not  protective  in  its  design,  it  must  be 
destructive  to  a  degree  that  will  in  time  exterminate  the  species 
which  practise  it. 

An  analogous  case  is  found  among  certain  South  American  fishes 
of  the  genera  Oeopkagus^  Arius  and  Bagrus^  the  males  carrying 
the  eggs  in  their  mouths,  depositing  them  in  places  of  safety  and 
removing  them  on  the  approach  of  danger.  ^^ 

i*Tbe  Cherokees  were  at  this  time  Joint-owners  of  the  states  of  Tennessee.  Missis- 
sippi and  Alabama,  witli  tlie  western  portions  of  North  Carolina  and  Georgia. 

i^Beanvois,  *>ObserTHtioDS  snr  las  Serpens"  in  Daudin's  *'{Iistoire  Natarelle,  Gen 
crale  et  Partlculifere  des  Reptiles'*  Paris,  An.  Rep.  xi  (1803),  vol.  ▼,  p.  06. 

ia*<  American  Naturalist, "  vol.  it,  p.  137. 

i^Flint's  "Physiology  of  Man,"  New  York,  1871,  vol.  ii,  pp.  275-282. 

"Wyman,  "Proceedings  of  the  Boston  Society  of  Natural  History,"  vol.  vl,  p.  328, 
1858.  '^American  Journal  of  Science  and  Arts,"  vol.  xxvii,  16ft9,  p.  11.  GUntber, 
.'Catalogue  of  the  Fishes  in  tlie  British  Museum,''  vol.  v,  1864.  p.  173. 
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I  have  been  told  of  two  instances  where  a  large  snake  was  foand 
to  contain  one  of  smaller  size,  which  in  its  tarn  had  within  it  a 
number  still  more  diminutive.  This  may  be  easily  explained  by 
supposing  the  parent  snake,  after  affording  the  usual  protection  to 
its  young  bi-ood,  to  have  been  swallowed  by  some  hungry  reptile 
of  larger  size. 

The  American  Indians  seem  to  have  had  some  knowledge  of 
this  peculiar  habit  of  tlie  rattlesnake.  Among  the  many  legends 
collected  by  Maj.  J.  W.  Powell,  U.  8.  Geolc^ist,  in  his  researches 
among  the  Pai  Utes,  is  one  giving  the  origin  of  the  echo.  An  old 
sorceress  was  suspected  of  wrong  doing  and  was  pursued  by  her 
enemies  until  in  desperation  she  sought  aid  from  her  grandfather^ 
^^Takoa,"  the  rattlesnake.  His  only  resource  was  to  open  his 
mouth  and  allow  the  old  witch  to  crawl  in  out  of  sight  and  oat  of 
danger.  She  was  so  well  pleased  with  her  safe  retreat  that  she 
could  not  be  induced  to  leave  it,  so  the  rattlesnake  had  to  crawl 
out  of  his  skin  and  leave  her  within.  And  there,  say  the  Pai 
Utes,  she  remains  to  this  day,  and  when  any  one  calls,  she  mock* 
ingly  repeats  their  words  from  her  hiding  place  in  the  castroff 
snake-skin. 

This  curious  tradition,  even  if  it  cannot  be  counted  as  evidence, 
shows  in  an  interesting  way  the  wide  prevalence  of  this  belief. 

There  is  much  need  of  other  observations,  to  determine  what 
species  of  American  snake  have  this  singular  habit.  Thirty-four 
of  the  observations  relate  to  the  Eutmnia;  the  habit  is  probably 
shared  by  all  the  species,  but  is  only  well  attested  for  the  garter 
snake  (Eutcania  airtalis)  and  the  ribbon-snake  (Eutcenia  saurita). 
Seventeen  refer  to  the  water-snake  {Tropidonotua sipedon).  Nine 
refer  to  the  banded  rattlesnake  (Caudisona  horrida)^  two  to 
the  coppei'head  (Ancistrodon  contortrix),  three  to  the  moccason 
(Ayicistrodon  piscivorus)  and  one  to  the  massasauga  {Crotalus  ter- 
geminua).  Does  the  habit  extend  throughout  the  CrotaHdaef 
One  instance  is  given  for  the  blowing-adder  (Heterodon  pUxtyrhi- 
nos)  and  three  for  the  mountain  black  snake  (CoLvJber  AUegha- 
nienais).  Six  relate  to  the  so-called  ^^black  snake,"  but  this  name 
is  too  iudettnite.  With  all  deference  to  Mr.  Buckland,  I  believe 
the  case  of  the  viper  {Pelias  bei-us)  to  be  settled,  as  well  as  that 
of  Zootoca,  Whether  the  male  snake  ever  protects  the  young  in 
this  way  has  not  been  observed. 

It  is  a  noteworthy  fact,  which  may  or  may  not  prove  an  im- 
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portant  one,  that  the  snakes  mentioned  above  are  all  ovo-vivip- 
arons  with  the  exception  of  Ophibolus.  There  is  nothing  to 
indicate  that  the  habit  is  shared  by  the  oviparous  snakes  of  the 
genera  Liopeltis^  Chfctophis,  Storeria^  Diadophis^  and  PUyophis, 
The  case  of  Baaoanion,  which  is  oviparous,  is  still  quite  prob- 
lematical, and  it  remains  to  be  shown  whether  the  **  black  snake  " 
of  mj  con*espondents  is  Coluber  Alleghaniensis,  or  Bajscanion  con- 
strictor, Mr.  Gosse  gives  facts  which  make  it  seem  quite  proba- 
ble that  the  Jamaica  l>oa  {Chilabothrua  inomatua)  may  share  the 
habit^is 

The  breeding  habits  of  North  American  snakes  deserve  carefal 
investigation,  as  they  are  totally  unknown  in  more  than  twenty- 
five  of  the  genera. 


Circles  of  Deposition  in  American  Sedimbntart  Hocks. 
By  J.  S.  Newberry,  of  New  York. 
At  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  lield  at  Newport,  R«  I.,  in  1860,  having  then 
ju4t  returned  from  the  far  west,  where  I  had  spent  several  years 
in  geological  explorations,  I  communicated  to  the  Association  the 
results  of  a  study  of  the  Cretaceous  deposits  in  the  area  lying 
between  Eastern  Kansas  and  Indianola,  Texas,  on  the  east,  and 
the  Colorado  River  on  the  west.  In  this  region  I  found  the  base 
of  the  Cretaceous  system  composed  of  coarse  sandstone,  some- 
times a  conglomerate,  containing  everywhere  the  impressions  of 
Angiospermous  leaves,  and  in  many  places  heavy  beds  of  lignite ; 
the  equivalent  of  Meek  and  Hayden's  No.  1 .  Above  this  lies  a 
laminated,  impure  limestone,  containing  as  characteristic  fossils, 
lonoceramus  problematic\i8^  Gryphcea  Pitdieri^  Scaphiies  larvcefoi'- 
m«8,  Ammonites  percarinatus^  etc.,  the  series  which  corresponds 
to  Meek  and  Hayden's  No.  2  and  No.  3.     Above  the  last  mentioned 

*•  "  A  NfitiiraliBt'8  Sojonrn  in  Jamnlca,^  London,  IWl.  pp.  818-4^,  AOl.  There  is  roa- 
flon  to  believe  that  some  of  the  Eiitseninfl,  like  the  scaly  lizard  {Zootoai  vipara)  are  In 
»oine  instances  oviparous,  in  others  ovo-viviparous,  and  this  point  should  be  kept  in 
mind  in  making  observations  upon  that  and  other  genera. 
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groap  is  a  heav^'  mass  of  calcareous  strata,  abounding  in  Ammo- 
nitea^  Scaphites^  and  other  well  known  and  characteristic  Creta- 
ceous mollusks.  The  fourth  member  of  the  series,  best  developed 
in  and  about  the  Rocky  mountains,  is  formed  by  a  group  of 
calcareous  sandstones  and  shales,  with  impressions  of  plants, 
sheets  of  lignite  and  some  mollusks,  such  as  characterize  Meek 
and  Ilayden's  No.  4  and  No.  5.  From  this  sequence  of  strata,  I 
read  the  history  of  a  submergence  of  the  Triassic  continent  and 
an  invasion  of  the  sea  which  resulted,  first,  in  the  formation  of  a 
widespread  sheet  of  beach  sand  and  gravel,  containing  the  ti'unks 
of  trees,  which  had  grown  on  a  land  surface  in  the  vicinity  of  the 
localities  where  they  are  found.  Second,  a  mixture  of  mechanical 
and  organic  sediments,  constituting  the  off-shore  deposits  of  the 
invading  sea.  Third,  a  great  calcareous  mass,  the  organic  sedi- 
ments of  the  open  sea  during  the  long  continued  period  of 
greatest  submergence. 

Since  the  date  of  the  presentation  of  the  paper  referred  to 
above,  my  attention  has  been  particularly  directed  to  the  study 
of  the  palaeozoic  formations  of  the  valley  of  the  Mississippi.  The 
result  of  such  study  has  been  to  lead  me  to  believe  that  each  of 
the  great  palseozoic  systems  represented  on  the  eastern  half  of 
our  conlineut,  may  be  resolved  into  a  circle  of  deposits  similar  in 
general  character  to  that  of  the  Cretaceous  system.  These  views 
have  been  briefly  set  forth  in  the  first  volume  of  the  Final  Report 
of  the  Geological  Survey  of  Ohio,  but  1  now  propose  to  present 
them  somewhat  more  fully  and  connectedly  for  the  consideration 
of  the  members  of  the  Association. 

Before  attempting  to  analyze  the  composition  of  our  different 
systems  of  sedimentary  rocks,  it  is  important  that  a  few  prelimi- 
nary facts  and  considerations  should  be  stated,  as  they  constitute 
the  real  premises  from  which  our  conclusions  are  to  be  drawn. 

First :  the  sea  is  the  mother  of  continents.  It  is  now  universally 
conceded  that  with  the  exception  of  certain  local  fresh- water 
beds,  all  stratified  rocks  are  sediments  dei>osited  from  the  waters 
of  the  ocean,  and  that  wherever  we  now  find  these  sediments  we 
have  in  them  proof  that  tlie  sea  has  reached  and  flowed  over  such 
localities. 

Second  ;  the  composition  of  the  geological  column  proves  that 
repeated  submergences  of  our  own  and  other  continents  have 
taken  place,  and  shows  that  what  we  eaU  terra  firma  is  rather  a 
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type  of  instability.  Elevations  and  depressions  of  the  sea  level 
have  been  constantly  going  on  in  past  ages,  and  are  undoubtedly 
progressing  at  the  present  time,  but  so  slowly  that  in  the  brief 
period  of  human  life,  or  even  of  human  history,  the  changes  af- 
fected by  them  attract  little  attention. 

Third  :  the  manner  in  which  sedimentary  strata  are  formed,  and 
the  action  of  the  sea  upon  its  shores,  will  be  best  understood  by 
an  examination  of  what  is  now  going  on  upon  our  own  and  other 
coasts.  By  the  action  of  frost  and  sun,  ice,  rain  and  rivers,  all 
land  surfaces  are  being  constantly  worn  away,  and  the  commi- 
nuted and  dissolved  materials  are  carried  off  to  be  deposited  in 
the  oceanic  basin  into  which  the  rivers  discharge  themselves. 
Along  the  coast  lines  the  shore  waves  are  constantly  eating  away 
the  baiTicrs  against  which  they  break.  Nothing  can  resist  their 
mechanical  force,  solvent  power  and  incessant  activity.  The  hard- 
est rocks  are  in  time  ground  up  and  comminuted  by  them,  and  the 
resultant  materials  are  distributed  along  the  ocean  bed  by  the  un- 
dertow, according  to  their  speciGc  gravity  or  the  minuteness  of 
their  trituration.^ 

The  wash  of  the  land,  which  forms  the  mechanical  or  fragmental 
sediments,  reaches  but  a  limited  distance  from  the  shore.  In  the 
depths  of  the  ocean  organic  sediments  are  accumulating,  which 
are  derived  from  the  hard  parts  of  the  various  organic  forms  in- 
habiting the  open  sea.  This  is  the  *''•  ooze**  brought  up  in  all  deep 
sea  soundings,  and  is  mainly  composed  of  the  carbonate  of  lime, 
as  it  is  for  the  most  part  made  up  of  the  shells  of  mollusks  and 
foraininifera,  which  have  the  power  of  drawing  this  substance  from 
the  ocean  waters.  On  shores  lined  with  coral  reefs  or  composed 
of  limestone  rocks,  even  the  mechanical  deposits  are  calcareous. 
Coral-lined  shores,  too,  arc  often  increasing,  as  here  the  accumu- 
lation of  material  through  the  agency  of  polypes  and  other  organ- 
isms, is  more  rapid  than  its  waste  by  the  mechanical  or  solvent 
power*  of  the  shore  waves.  These  exceptions  do  not,  however, 
alfect  the  validity  of  the  general  rule  which  is  here  enunci- 
ated. 

>  Tlie  power  of  water  or  air  in  motion  to  transport  any  homogeneous  material  is 
iiieusui'cd  riirectly  by  the  size  of  its  pnrticleB  or  musBes.  According  to  ihc  law  of  the 
ratio  of  the  surface  to  solidity  on  sphercK  of  different  diameters,  the  ratio  of  surface  to 
mnah  increases* as  the  diameter  is  diminished.  The  transporting  medium  acts  on  the 
surface  and  its  power  increases  as  the  relative  surface  Increat-cs.  This  accounts  for 
tlic  different  iranpporting  jiower  of  water  on  boulders,  gravel,  sand  and  clay,  and 
shows  why  iron-flUings  are  carried  by  the  wind  and  cannon  balls  are  not. 
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We  see,  then,  that  the  sedimenta  deposited  on  every  shore  form 
two  areas  or  belts,  viz. :  that  nearest  the  land,  where  they  are 
mechanical  and  graduate  in  fineness  from  the  shore  line  to  deep 
water ;  and  an  area  beyond  the  wash  of  the  land,  where  calcareoos 
and  organic  sediments  are  alone  thrown  down.  Necessarily  along 
the  line  of  the  janction  of  these  areas  the  sediments  will  be  of 
a  mixed  character.  The  map  of  the  sea  bottom  off  our  Atlantic 
coast,  made  by  Count  Pourtales,  beautifully  illustrates  the  state- 
ments that  have  been  made.  On  this  map  is  shown  a  broad 
belt  skirting  the  shore,  where  the  sediment  is  mainly  sand.  Oat- 
side  of  this,  a  parallel  belt,  over  which  the  sediments  are  calca- 
reous. 

Fourth :  if  now  an  invasion  of  the  continent  by  the  ocean  were 
to  take  place,  such  as  have  repeatedly  occurred  in  past  ages,  the 
following  sequence  of  phenomena  would  necessarily  ensue.  All 
portions  of  its  surface  must  in  succession  be  subjected  to  the  ac- 
tion of  the  shore  waves.  By  their  agency  the  solid  and  superfi- 
cial materials  lying  above  the  sea  level  would  be  ground  up  and 
washed  away,  the  greater  part  forming  mechanical  sediments  and 
being  distributed  according  to  the  law  of  gravitation,  the  soluble 
portions  taken  into  solution  and  carried  out  to  impregnate  the 
ocean  waters,  and  to  supply  material  to  the  myriads  of  organisms 
that  have  the  power  to  draw  from  this  solution  their  solid  parts. 
In  the  advance  inland  of  the  shore  line  the  first  deposit  from  the 
sea  would  be  an  unbroken  sheet  of  sea-beach,  composed  of  coarse 
sand  and  gravel,  containing  trunks,  branches  and  leaves  of  trees, 
and  other  d6bris  of  the  land.  This  sheet  would  cover  the  rocky 
substructure  of  all  portions  of  the  continent  brought  beneath  the 
ocean.  Over  these  coarser  materials  would  be  deposited  a  sheet 
of  finer  mechanical  sediments,  principally  clay,  laid  down  just  in 
the  rear  of  the  advancing  beach,  and  finally  over  all  a  sheet  of 
greater  or  less  thickness  of  calcareous  material,  destined  to  form 
limestone  when  consolidated,  the  legitimate  and  only  deposit  made 
from  the  waters  of  the  open  ocean. 

Fifth  :  in  the  slow  retreat  of  the  sea,  at  the  end  of  a  period  of 
submergence,  the  land  would  be  again  covered  with  vegetation, 
creeping  down  from  the  highlands,  if  any  such  had  remained  un- 
covered ;  where  complete  submergence  had  taken  place,  by  the 
importation  of  a  new  flora,  as  the  coral  islands  have  been  clothed. 
The  receding  sea  would  receive  the  drainage  from  the  land  —  for 
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the  most  part  fine  mechanical  material,  —  and  mingling  this  with 
the  new  calcareous  deposits  and  the  shore  wash  of  older  organic 
sediments  would  leave  behind  it  a  sheet  of  mixed  material,  me- 
chanical and  organic,  as  the  last  product  of  this  submergence. 

Sixth :  when  the  sheets  of  sediment,  the  genesis  of  which  we 
have  been  considering,  were  consolidated  to  rock — as  they  would 
generally  soon  be  by  pressure  or  by  siliceous  and  calcareous  solu- 
tions,— if  they  should  be  penetrated  and  examined  they  would  be 
found  to  consist  of,  1st,  supei-ficial  materials,  the  product  of  sur- 
face erosion  and  washing;  2d, a  mixed  mechanical  and  calcareous 
stratum  containing  shallow-water,  marine  or  estuary  organisms ; 
3d,  a  limestone  containing  the  remains  of  all  the  inhabitants  of 
the  ocean  which  possessed  shells  or  other  hard  parts  ;  4th,  a  sheet 
or  sheets  of  mechanical  materials,  once  clay,  sand  and  gravel, 
now  consolidated  into  shale,  sandstone  and  conglomerate.  All 
these  strata  would  rest  upon  the  rocky  foundations  of  the  conti- 
nent, the  result  of  a  previous  submergence  and  representing  an 
earlier  geological  age.  The  later  strata  would  be  found  laid  down 
over  all  the  irregularities  of  the  older  surface ;  and  between  the 
older  and  more  recent  rocks  a  break  or  want  of  continuity  would 
'be  discovered  and  generally  a  want  of  harmony  in  their  lines  of 
deposition. 

Seventh  :  another  invasion  of  the  sea  would  leave  similar  rec- 
ords of  a  similar  history,  with  this  difference  only,  that  the  tribes 
of  animals  and  plants  inhabiting  the  land  and  water  would,  in  the 
lapse  of  ages,  have  experienced  marked  changes.  Perhaps  in 
the  interval  the  old  fauna  and  flora  would  have  entirely  disap- 
peared ;  so  that  the  new  sediments  would  include  only  relics  of 
new  races. 

Eighth :  in  the  foregoing  sketch  an  uninten*upted  sequence  of 
phenomena  has  been  alone  considered.  When,  however,  during 
the  invasion  or  recession  of  the  sea  the  uniformity  of  the  elevation 
or  depression  should  be  broken  and  oscillations  of  level  ensue,  the 
record  would  be  considerably  complicated,  and  we  should  have 
local  alternations  of  land,  shore  and  sea  conditions,  which  would 
give  us  smaller  circles  within  the  great  ones,  and  thin  sheets  of 
mechanical  or  organic  sediments  interstratifled  in  any  one  of  the 
great  members  of  the  series. 

Having  thus  briefly  reviewed  the  conditions  under  which  the 
different  kinds  of  sedimentaiy  strata  are  deposited,  and  having 
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traced  out  the  circle  of  deposits  that  would  necessarily  be  formed 
in  the  submergence  of  a  continent  by  the  sea  and  the  subsequent 
retreat  of  that  sea,  let  us  see  how  far  we  can  trace  a  parallelism 
between  the  series  of  phenomena  described  and  those  presented 
by  the  strata  composing  our  different  geological  systems. 

In  the  United  States  the  geological  column  is  composed  of  the 
following  elements :  at  the  base  we  have  the  Laurentian  and  Hu- 
ronian  groups,  forming  the  Eozoic  system,  and  composed  of  crys- 
talline rocks,  once  limestones,  sandstones,  shales,  etc.,  but  now 
much  metamorphosed  and  disturbed,  and  their  fossils  obliterated. 
These  are  the  oldest  rocks  known,  and  when  elevaied  they  formed 
what  we  may  call  the  Eozoic  continent.  Upon  the  Eozoic  rocks 
we  find,  between  the  Atlantic  and  the  Mississippi,  the  vari- 
ous strata  which  compose  the  palaeozoic  systems,  the  Lower  Silu- 
rian, Upper  Silurian,  Devonian  and  Carboniferous.  Of  these  the 
Lower  Silurian  consists,  beginning  at  the  base,  of,  1st,  the  PotB* 
dam  sandstone^  generally  a  coarse,  mechanical  shore  deposit;  2d, 
the  Cdlciferous  sand^rock^  a  mixed  mechanical  and  organic  sedi- 
ment, more  sandy  towards  the  east,  more  calcareous  and  magne- 
sian  towards  the  west,  which  we  must  class  as  an  off-shore  deposit; 
8rd,  the  Trenton  limestone  group,  consisting  of  the  Chazy,  Bird's- 
eye,  Black  River  and  Trenton  limestones  ;  a  great  calcareous  mass 
full  of  marine  organisms,  including  representatives  of  the  sub- 
kingdoms  of  the  Protozoa,  Radiata,  MoUusca  and  Articulata,  but 
no  remains  of  Vertebrates.  This  is  plainly  an  open  sea  deposit ; 
the  different  members  of  the  limestone  group  representing  epochal 
subdivisions  of  one  great  life  period,  and  one  great  chapter  in  the 
history  of  the  first  submergence  of  the  Eozoic  continent,  that  of 
the  long  continued  prevalence  of  marine  conditions  over  all  the 
area  where  this  formation  is  now  found  ;  4th,  the  Hudson  group^ 
consisting  of  shales  and  impure  limestones,  mixed  mechanical  and 
organic  sediments,  the  deposits  of  ashallow^ing  and  retreating  sea. 
This  member  completes  the  circle  of  the  deposits  of  the  Lower 
Silurian  and  ends  the  history  of  the  first  submergence  of  the 
Eozoic  continent. 

The  Upper  Silurian  system  is  composed  at  base  of  the  Medina 
sandstone,  locally  a  conglomerate  to  which  the  term  Oneida  has 
been  applied,  a  shore  deposit  corresponding  to  the  Potsdam; 
above  this,  the  Clinton  group,  which  is  composed  of  limestones 
and  shales,  and  the  peculiar  Clinton  iron  ore,  evidently  an  off- 
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shore  deposit;  still  higliR-,  the  Niagara  group;  below,  shaly,  and 
sbowing  a  shallowing  of  the  Clinton  sea ;  above,  a  great  and  wide- 
spread  mass  corresponding  in  position  to  the  Trenton  group  of  the 
Lower  Silurian  circle.  This  abounds  in  tbe  remains  of  marine 
fossils,  and  is  evidently  the  sediment  of  the  open  sea  of  the  Upper 
Silurian  age.  The  inhabitants  of  this  sea,  judging  from  the  re- 
mains they  have  left  behind  them,  were  generally  distinct  from 
those  of  the  older  Trenton  sea,  although  a  few  species  seem  to  have 
been  common  to  both.  In  America  we  have  as  yet  found  no  traces 
of  Vertebrates  in  the  sediments  of  the  Upper  Silurian  sea,  but  in 
Europe  some  remains  of  fishes  have  been  found  at  this  horizon. 
The  Niagara  limestone  is  overlaid  by  the  Sali*ia  and  Helderbetg 
groups.  Of  these  the  Salina  is  evidently'  the  deposit  from  a  shal- 
low and  circumscribed  basin  like  the  Caspian,  Dead  sea  or  Salt 
Lake,  where  the  salts  held  in  solution,  chloride  of  sodium,  sul-^ 
phate  of  lime,  etc.,  were  precipitated  by  evaporation,  with  a  con- 
siderable portion  of  introduced  earthy  matter.  The  Water-lime 
group^  which  overlies  the  Salina  and  forms  the  base  of  the  Helder- 
berg  series,  is  an  earthy  magnesian  limestone.  It  is  best  developed 
towards  the  west,  while  the  Helderberg  proper  is  thickest  towards 
the  east,  showing  an  unequal  tilting  of  the  shallow  oceanic  basin 
in  which  these  strata  were  deposited,  and  a  gradual  emergence  of 
the  land  on  the  north  and  west.  Notwithstanding  some  local 
irregularities  of  deposition,  the  Helderberg  group  corresponds  in 
character  and  position  with  the  Hudson  of  the  Lower  Silurian  and 
completes  the  Upper  Silurian  series  by  a  return  to  land  conditions. 

The  two  circles  of  deposition  which  have  been  described  are 
grouped  together  under  the  term  Silurian,  but  as  each  is  complete 
in  itself  and  is  a  record  of  a  totally  distinct  round  of  changes, 
and  as  the  fauna  of  the  two  systems  have  almost  nothing  in  com- 
mon, it  will,  I  think,  be  generally  conceded  that  it  was  an  error  to 
combine  them  under  one  name ;  and  since  they  are  as  distinctly 
separated  as  are  the  subsequently  formed  systems,  each  of  which 
iias  an  independent  title,  that  it  would  have  been  better  to  desig- 
nate the  Silurian  systems  by  totally  distinct  names.  ^ 

The  Devonian  system  is  composed,  at  the  base,  of  the  Oriskany 
sandstoney  a  shore  deposit,  above  which  we  have  the  Schoharie  gnt^ 

*  The  interests  of  science  and  the  cause  of  justice  would  both  be  served  if  we  coitld 
agree  to  cill  the  Lower  Silurian  by  Prof.  Sedgwiclc's  name  Cambrian;  leaving  Murchi' 
son  adequate  honor  in  retaining  liis  names,  Silurian  and  Deoon^an^  for  the  overlying 
eystemg. 
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a  mixed  mechanical  and  organic,  arenaceoas  and  calcareons,  sedi- 
ment, an  off-sbora  formation  ;  then  the  CoraiferouB  groups  a  wide- 
spreail  sheet  of  magnesian  limestones,  containing  iittle  earthy 
matter,  abounding  in  marine  fossils,  and  plainly  the  deposit  of  an 
open  sea.  In  this  sea  the  fauna  was,  with  the  exception  of  two  or 
three  surviving  species,  totally  distinct  from  that  which  preceded 
it ;  its  chief  characteristic  being  its  various  genera  and  species  of 
fishes,  many  of  wliich  attained  large  size.  The  Corniferous  lime- 
stone is  overlaid  by  the  Hamilton  group,  a  calcareo-argillaceons 
mass  consisting  of  alternations  of  shales  and  limestones,  the 
shales  thicker  and  more  sandy  at  the  east,  limestone  predomi- 
nating at  the  west.  Including  the  Genesee  and  Huron  shales, 
which  properly  belong  to  it,  the  Hamilton  group  presents  all  the 
main  features,  in  character  and  position,  of  the  Helderberg  and 
Hudson,  and  is,  as  I  believe,  composed  of  the  sediments  of  an 
oscillating,  but  on  the  whole  shallowing  and  retreating  sea. 

In  all  our  works  on  geology  the  Portage,  Chemung  and  Catskill 
formations  are  included  in  the  Devonian  system,  bnt  in  my  judg- 
ment it  would  be  better  to  consider  the  Portage  sandstones — the 
upper  half  of  the  Portage  group  —  as  the  true  base  of  the  Car- 
boniferous system.  Drawing  the  line  at  this  point,  we  find  the 
Portage  and  Chemung  forming  an  indivisible  mass  of  mechanical 
sediments,  which,  both  in  fossils  and  lithological  characters,  con- 
trast strongly  with  the  underlying  Hamilton,  and  is  evidently  the 
record  of  a  new  era  in  the  geological  history  of  the  continent. 
This  new  group  I  have  called  the  Erie,  and  I  think  it  will  be 
found  to  belong,  both  by  its  fossils  and  its  physical  relations, 
rather  with  the  Carboniferous  than  the  Devonian  system,  and  thus 
to  correspond  with  the  Potsdam,  Medina  and  Oriskany  below. 
The  Catskill  is  a  local  and  ill-defined  deposit  which  will  probably 
prove  to  be  the  sediment  of  a  fresh-water  basin  or  a  circumscribed 
bay  in  the  land  which  formed  the  shore  of  the  Carboniferous  sea. 

Above  the  Erie  and  Catskill  we  have  the  Waverly  group,  the 
equivalent  of  the  '*  Vespertine  "  and  "  Umbral "  of  Rogers,  a  mixed 
mechanical  and  organic,  shore  and  off-shore  deposit.  Above  this, 
and  spreading  over  a  great  area  towards  the  west,  we  find  the  Car- 
boniferous limestone,  which  is  plainly,  as  I  have  elsewhere  Bhown,^ 
the  sediment  of  an  open  sea  caused  by  the  gradual  submergence 
of  the  central  and  western  portions  of  the  continent. 

s  Geological  Survey  of  Ohio,  vol.  1,  p.  73. 
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Overlying  the  carboniferous  limestone  are  the  Carboniferous 
conglomerate  and  the  Coal  Measures,  both  of  which  should,  how- 
ever, be  grouped  together  as  the  product  of  one  epoch,  and  that 
of  continental  elevation,  though  of  local  subsidence.  During  the 
deposition  of  the  Coal  Measures  there  were  numerous  alternations 
of  elevation  and  subsidence,  the  latter  strongly  marked  in  the 
coal  basins  proper,  but  as  a  whole  it  was  a  time  of  prevailing 
and  increasing  land  conditions,  so  firmly  established  at  the 
close  of  the  Coal  Measure  epoch,  that  in  the  region  between 
the  Atlantic  and  Mississippi  there  has  been  no  general  submer- 
gence since. 


PLAOB  OF 
DEPOSIT. 

KIKD  OF 
8BDIM£NT. 

OORRBSPONDIMQ  CI&CLBS  OF  DEPOSITION. 

Retreating 
Sea. 

Mixed. 

Hudson. 

Helderberg. 

Coal  Measures. 

Open  Sea. 

Organic. 

Trenton. 

Niagara. 

ComiferonB. 

Carbonifei-ous 
Limestone. 

Off  Shore. 

Mixed. 

Calciferoas. 

Clinton. 

Schoharie. 

Waverly. 

Shore. 

Mechanical. 

Potsdam. 

Medina. 

Oriskany. 

• 

Brie. 

In  the  foregoing  table  the  classification  of  the  sediments  which 
compose  our  palaeozoic  systems  is  such  as  I  think  may  be  found 
illustrated  in  many  localities,  and  yet  I  should  be  unwarranted  in 
claiming  that  all  the  elements  in  the  circles  of  deposition  described 
above  can  be  recognized  in  the  products  of  every  continental  sub- 
mergence. It  will  probably  clarify  and  simplify  the  theory  now 
advanced,  to  claim  as  the  essentiaU  elements  of  each  circle  of  depo- 
sition resulting  from  an  invasion  of  the  sea,  but  three  distinct 
sheets  of  sediments,  viz. :  the  mechanical,  organic  and  mixed,  the 
products  respectively  of  the  advancing,  abiding  and  retreating 
sea.  The  lines  of  separation  between  these  are  more  or  less 
sharply  defined  according  to  the  rapidity  of  the  submergence,  and 
the  nature  of  the  materials  acted  upon  by  the  shore  waves. 

Although  the  views  advanced  on  tbe  preceding  pages  have 
grown  up  from  independent  observations  and  were  substantially 
embodied  in  the  analysis  of  the  Cretaceous  and  Triassic  groups 

A.  A.  A.  8.  VOL.  XXIL     B.  (18) 
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of  the  far  West,  presented  by  me  to  the  Amei'ican  Association  in 
1860,  it  is  also  true  that  "Circles  of  Deposition"  in  sedimentary 
rocks  have  attracted  the  attention  of  many  otiier  geologists.  Sir 
Roderick  Murchison,  in  his  description  o[  the  Permian  of  Russia, 
alludes  to  the  fact  that  it  consists  of  a  trinity  of  strata — mechan^ 
ical  sediments  above  and  below,  separated  by  a  limestone — just 
as  in  the  Trias,  which  is  composed  of  the  Bunter,  the  Muschelkalk 
and  the  Keuper.  Mr.  Edward  Hull  has  written  quite  largely  upon 
the  subject,^  proposing  an  arrangement  of  all  the  sedimentary 
strata  in  ternary  series,  a  limestone  being  the  centre  of  each  trin- 
ity. In  our  own  country  the  similarity  in  lithological  character  in 
the  elements  composing  our  different  geological  systems  has  been 
referred  to  by  Profs.  Eaton,  Hall,  Hunt^  and  Dawson.®  Although 
constructed  quite  independently,  the  Circles  of  Deposition  traced 
out  by  Hunt,  Dawson  and  my  self  agree  in  all  their  more  important 
features,  and  they  may  therefore  be  accepted  as  being  in  the  main 
accurate  representations  of  real  facts  in  nature.  My  reading  of 
these  facts  is,  however,  somewhat  different  from  that  offered  by 
any  of  my  colaborers.  From  the  striking  resemblance  presented 
by  the  circles  of  deposition  described,  it  is  evident  that  they  arc 
the  product  (>f  a  common  cause  or  series  of  causes  ;  in  other  words, 
that  they  are  different  expressions  of  one  law  (order  of  sequence) 
in  the  deposition  of  sediments.  To  define  and  explain  that  law  is 
the  chief  object  of  this  paper. 

In  his  description  of  the  circles  of  deposition  which  he  enumer- 
ates, Mr.  Hull  with  great  sagacity  points  out  many  interesting 
and  suggestive  features  in  their  structure,  such  as  tlicir  being  com- 
posed of  mechanical  sediments  above  and  below,  separated  by  a 
limestone ;  in  the  lateral  reach  of  the  strata  the  preponderance  of 
limestone  in  one  direction,  of  mechanical  sediments  in  the  other, 
etc.,  etc.,  but  he  offers  no  suggestion  as  to  the  causes  by  which 
these  systematic  phenomena  were  produced,  except  to  designate 
the  mechanical  sediments  as  the  product  of  ^'epochs  of  land  prev- 
alence with  movements  ;"  the  calcareous  seiHments,  the  product  of 
**sea  prevalence  with  quiescence." 

*  Journal  of  the  Geological  Society  of  Loiulon,  vol.  xviil,  p.  132.  Geological  Mnga* 
zinc.  vol.  V,  p.  113.    Quarterly  Journal  of  Science,  vol.  vi,  p.  353. 

*  Geology  of  Canniia,  IStKJ,  p.  127.  Americun  Journal  of  Science  (2  se  ),  vol.  xxxv, 
p.  1P7. 

«  Journal  of  the  Geological  Society  of  London,  vol.  xxii,  p.  102.  Acadian  Geology 
p.  135. 
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Prof,  Dawson's  circles  are  composed  of  four  elements  each,  as 
follows : 

4.  "Shallow,  subsiditig  marine  area,  filling  up  with  sediment. 
3.  **Elevation,  followed  by  slow  subsidence,  land-surfaces,  etc. 
2.  "Marine  conditions  ;  formation  of  limestones,  etc. 
1.  "Subsidence ;  disturbances  ;  deposition  of  coarse  sediments." 

As  I  have  remarked  on  a  .preceding  page,  we  may  locally  have 
four  or  even  more  elements  in  a  circle,  but  three  are  all  that 
can  be  insisted,  upon  as  the  necessary  effects  of  the  cause  to  which 
I  attribute  the  phenomena  we  discover.  That  cause  I  claim  to  be, 
as  will  be  remembered,  an  invasion  of  the  sea  and  submergence  of 
the  land  in  each  geological  age,  the  spread  of  mechanical  pedi- 
ments formed  by  shore  waves  over  most  of  the  area  invaded  ;  then 
the  deposition  on  this  sheet  of  mechanical  material  of  a  mass  of 
greater  or  less  thickness  of  calcareous  sediments,  the  record  of 
the  quiet  occupancy  of  the  submerged  area  by  the  open  sea ;  and 
finally,  mixed  calcareous  and  mechanical  sediments  deposited  by 
the  shallowing  and  retreating  sea. 

In  many  instances  we  have  circles  within  circles,  as  in  the  Ni- 
agara period  with  its  several  epochs,  the  Hamilton,  the  Coal 
Measures,  etc.  These  subordinate  circles  are  proof  of  oscillations 
of  level,  i.  e.,  alternations  of  shore  and  sea  conditions.  It  is 
scarcely  necessary  to  say  to  a  geologist  that  in  passing  from  the 
area  of  permanent  land  (land  that  was  not  submerged  in  any 
inundation),  to  the  area  of  permanent  sea  (the  area  beyond  the 
reach  of  the  wash  of  the  land,  where  neither  shore  nor  off-shore 
deposits  were  laid  down,  but  only  an  unbroken  series  of  lime- 
stones), we  shall  get  different  sections  at  different  points  of  obser- 
vation, the  strata  becoming  more  calcareous  in  one  direction,  and 
more  siliceous  in  the  other.  Hence  we  find  the  mechanical  strata 
diminishing  in  force  and  finally  thinning  out  completel}^  as  we 
recede  from  the  old  coast  formed  by  the  Canadian  highlands,  the 
Adirondacks  and  the  Blue  Ridge,  toward  the  oceanic  basin  on  the 
south  and  west.  So  on  the  eastern  side  of  the  continent  the  Palae- 
ozoic strata  are  nearly  all  calcareous  in  the  Gaspe  district.  It 
should  be  borne  in  mind  also,  as  has  been  suggested  that  local 
circumstances  materially  modified  the  record  made  by  the  invasion 
of  the  land  by  the  sea.  In  some  places  the  portion  submerged 
furnished  abundant  material  out  of  which  gravel,  sand  and  clay 
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beds  were  formed.  In  other  localities  the  shore  waves  beat  on 
abrupt  declivities  of  hard  rock,  perhaps  in  sheltered  situations 
where  little  force  was  developed  and  little  sediment  produced. 
Here  during  the  period  of  greatest  submergence,  limestone  strata 
were  deposited  directly  upon  the  clean,  washed  rocks,  with  no 
intervening  sea  beach.  In  the  third  place  where  the  shore  was 
formed  of  upheaved  strata  which  were  all  calcareous,  or  where  it 
was  lined  with  coral  reefs,  even  the  mechanical  sediments  were 
calcareous. 

In  some  instances  we  have  indisputable  records  of  the  progress 
sive  invasion  of  the  land  by  the  sea  that  subsequently  produced 
the  great  calcareous  sheet  which  forms  the  core  and  centre  of  the 
deposits  of  the  age.  Such  a  record  is  furnished  by  the  Carbonif- 
erous limestone  in  Ohio  and  Pennsylvania  and  by  the  Cretaceous 
formation  of  the  far  West.  It  was  in  the  study  of  the  latter  that 
the  writer  derived  his  first  idea  of  the  explanation  now  offered 
of  Circles  of  Deposition,  and  whatever  may  be  thought  of  other 
circles,  the  history  of  that  one  is  as  clear  and  unmistakable  as  any 
page  of  print.  The  proof  that  the  lower  Cretaceous  sandstone 
of  the  far  West  is  an  old  sea  beach,  spread  by  the  advance  inland 
of  shore  waves  is  capable  of  demonstration.  In  my  mind  every 
great  sandstone  formation  is  of  similar  origin,  and  I  can  conceive 
of  no  other  power  by  which  these  great  sheets  of  mechanical  mate- 
rial could  have  been  so  widely  and  uniformly  spread. 


Remarks  on  Prof.  Newberry's  Paper  on  "Circles  op  Deposi- 
tion," ETC.  By  T.  Sterry  Hunt,  of  Boston,  Mass. 
Dr.  T.  Sterry  Hunt,  in  expressing  his  great  satisfaction  at  the 
exposition  of  Prof.  Newberry,  observed  that  beside  the  mechanical 
deposits  from  the  retreating  and  advancing  seas,  and  those  of  the 
open  ocean,  pure  limestones,  in  great  part  made  up  of  organic  re- 
mains, must  be  considered  the  considerable  areas  of  evaporating 
sea-basins  giving  rise  to  deposits  of  magnesian  limestone  with 
gypsum  and  salt,  often  destitute  of  animal  life.    In  this  way  the 
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break  between  the  Medina-Niagara  fauna  and  that  of  the  Lower 
Helderberg,  or  what  he  had  spoken  of  in  a  recent  paper  as  the 
third  and  fouith  faunas,  was  marked.  He  showed  that  the  Tren- 
ton, the  Lower  Helderberg,  the  Corniferous,  and  the  Carbonifer- 
ous limestones,  marked  four  periods  of  oceanic  limestone  deposits, 
and  that  the  gypsum  and  salt  of  the  Lower  Carboniferons  indicate 
a  period  like  the  Onondaga  between  the  Niagara  (itself  magne- 
sian)  and  the  Lower  Helderberg.  The  rocks  of  the  first  fauna 
show  a  similar  series,  but  in  the  Ottawa  basin  we  have  but  an 
incomplete  representation  of  them.  The  Calciferous  sandrock  of 
that  series  is  however  really  a  magnesian  formation  with  gypsum 
and  brines.  He  showed  that  this  law  of  cycles,  first  pointed  out 
by  Amos  Eaton,  and  insisted  upon  by  Hall,  had  been  developed 
further  by  the  speaker  in  "The  American  Journal  of  Science" 
for  March,  1863  (xxxv,  166),  and  in  an  address  last  year  before 
the  American  Geographical  Society,  and  published  in  the  "En- 
gineering and  Mining  Journal"  for  Jan.  14,  1873,  where  the  de- 
pendence of  these  periods  of  evaporation  upon  a  climate  of  great 
dryness  over  eastern  North  America  throughout  the  palaeozoic 
period  had  been  insisted  upon. 

The  connection  between  evaporating  sea-basins  and  the  forma- 
tion of  magnesian  limestones  was  explained  by  referring  to  the 
speaker's  researches  published  in  1859,  in  which  it  was  shown  by 
him  that  the  formation  of  the  carbonate  of  magnesia  necessary 
for  the  production  of  dolomite  and  magnesian  limestones  requires 
the  absence  of  chlorid  of  calcium  from  the  waters  in  which  it  is 
deposited,  whether  this  carbonate  is  generated  by  the  reaction  of 
bi-carbonate  of  lime  on  sulphate  of  magnesia,  with  the  simulta- 
neous production  of  gypsum,  or  by  the  intervention  of  bi-carbo- 
nate of  soda.  In  both  cases,  as  was  then  shown,  isolated  and 
evaporating  basins  are  indispensable  conditions  of  the  deposition 
of  the  magnesian  carbonate  (Amer.  Jour.  Sci.,  xxviii,  170,  365). 
The  legitimate  deductions  from  this,  as  to  the  geographical  and 
climatic  conditions  of  regions  during  the  formation  of  magnesian 
limestones,  were  further  insisted  upon  by  the  speaker  in  a  paper 
read  before  this  Association  in  1868,  and  published  in  the  "Amer. 
Jour.  Science"  for  November  of  that  yeai',  xlvi,  861,  on  "The 
Geology  of  Southwestern  Ontario." 

It  was  not,  however,  the  speaker  believed,  until  1871,  that  these 
views  found  recognition  among  geologists,  when  Prof.  A.  C.Ramsay 
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by  his  investigations  of  tbe  magnesian  limestone  of  the  Permian 
in  England  was  led  to  reject  as  untenable  the  notion  held  by 
Sorby  (and  by  others)  that  this  was  once  an  ordinary  limestone 
of  organic  origin,  subsequently  converted  into  dolomite  under  con- 
ditions not  yet  explained,  and  to  conclude  that  the  carbonates  of 
lime  and  magnesia  of  which  it  is  composed  had  been  ^ ^deposited 
simultaneously  by  the  concentration  of  solutions  due  to  evapora- 
tion." To  this  view  Ramsay  tells  us  he  was  led  by  physical  con- 
siderations, and  by  the  depauperated  condition  of  the  organic 
remains  contained  in  these  strata,  without  being,  at  the  time, 
aware  that  the  speaker  had  twelve  years  previously  announced  the 
same  conclusions  with  regard  to  all  magnesian  limestones,  and 
established  them  on  chemical  grounds.  [Quar.  Jour.  GeoL  Soc^ 
1871,  p.  249.] 


The  American  Museum  of  Natural  History  in  Central  Park, 
New  York  ;  a  sketch  of  its  history,  including  a  descrip- 
tion of  the  collections  particularly  useful  to  American 
naturalists,  its  extent  and  plans,  and  the  conveniences 
it  will  possess  for  the  benefit  of  scientific  men.  by 
Albert  S.  Bickmore,  of  New  York. 

ABSTRACT. 

For  many  years  a  large  number  of  the  generous  and  public- 
spirited  citizens  of  New  York  had  felt  the  need  of  a  museum 
and  library  of  natural  history  that  would  be  on  a  scale  commen- 
surate with  the  wealth  and  importance  of  our  metropolitan  city, 
and  would  encourage  and  develop  the  study  of  natural  history, 
advance  the  general  knowledge  of  kindred  subjects,  and  to  this 
end  furnish  popular  amusement  and  instruction.  In  1868  a  re- 
markable opportunity  presented  itself  of  securing  a  rare  collection 
that  would  form  an  admirable  nucleus  for  such  a  comprehensive 
museum.  The  most  extensive  dealer  in  specimens  in  the  world, 
Edouard  Verreaux,  of  Paris,  suddenh^  died,  leaving  in  the  hands 
of  his  widow  a  collection,  which,  at  the  rates  he  was  accustomed 
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to  sell  specimens,  would  have  brought  over  500,000  francs,  $100,- 
000  in  gold.  This  great  collection  included  the  choicest  specimens 
he  had  been  able  to  obtain  from  every  part  of  tlie  world,  particu- 
larly the  East  Indies  and  Australia.  He  had  made  extended  ex- 
plorations in  Africa  himself,  and  had  been  aided  largely  in  his 
researches  by  the  French  Government.  Like  most  naturalists  he 
found  it  an  easy  matter  to  exchange  with  his  friends  and  thus 
enrich  his  own  museum,  but  to  get  the  requisite  funds  for  carrying 
on  his  operations  he  was  obliged  to  borrow  of  bankers  and  mort- 
gage his  specimens.  Dying  suddenly  he  left  the  rich  gatherings 
of  an  industrious  lifetime  seriously  embarrassed  with  debt.  This 
opportunity  it  was  decided  to  try  to  improve,  and  a  subscription 
of  nearly  $50,000  was  at  once  made  up  as  a  beginning,  and  since 
that  time  about  $100,000  has  been  contributed  in  money,  though 
the  present  property  of  the  institution,  including  the  large  dona- 
tions of  specimens  which  have  been  steadily  coming  in,  could  not 
be  replaced,  nor  could  other  as  interesting  and  valuable  specimens 
be  obtained  for  less  than  $250,000.  A  rare  and  nearly  complete 
collection  of  American  birds  and  many  fine  birds  of  paradise  and 
pheasants  were  first  purchased  of  Mi\  D.  G.  Elliot.  While  nego- 
tiations were  about  to  be  opened  for  the  Verreaux  collections  a 
second  museum  unexpectedly  became  available.  Prince  Maxi- 
milian of  Neuwied  on  the  Rhine  above  Bonn  (not  the  Emperor 
Maximilian  of  Austria  and  Mexico)  died,  and  the  young  son  in- 
heriting the  estate  had  no  scientific  taste  and  offered  the  results  of 
his  father's  life-work  for  sale.  The  elder  Prince,  who  formed  the 
collection,  passed  1815,  1816  and  1817  exploring  Brazil  from  Rio 
up  to  Bahia,  and  of  course  a  large  proportion  of  the  great  collec- 
tions he  secured  had  never  at  that  early  date  been  seen  by  scien- 
tific men  in  Europe  before,  and  were  therefore  types  of  new 
species. 

This  collection  the  American  Museum  purchased  entire.  Such 
typical  specimens  are  the  desiderata  the  museum  is  specially  ex- 
erting itself  to  secure  for  the  benefit  of  the  scientific  students  in 
our  land.  An  agreement  was  soon  after  made  with  Mme.  Verreaux 
by  which  all  the  choice  specimens  in  her  cabinet  not  contained  in 
the  Elliot  and  Maximilian  pufchases  were  selected  for  the  museum, 
and  all  these  specimens  have  been  safely  received  from  Europe 
and  are  now  on  public  exhibition  in  Central  Park.  Large  dona- 
tions of  shells,  corals  and  minerals  have  been  received,  and  one 
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collection  of  20,000  insects.    The  liberal  subscriptions  first  made 
induced  the  principal  subscribers  to  act  as  trustees  for  the  Aind 
and  property  acquired  by  it,  and  by  a  special  act  of  the  Legisla- 
ture they  were  created  a  body  corporate  —  they  and  their  succes- 
sors to  have  entire  and  unrestricted  control  forever  over  all  the 
museum  property.    They  have  limited  their  number  to  twenty-five 
and  the  survivors  fill  every  vacancy,  thus  securing  a  fixed  policy 
and  stable  character  to  the  institution.    An  arrangement  has  been 
made  between  the  trustees  and  the  Department  of  Public  Parks 
in  New  York  by  which  the  city  may  Airnish  lands  and  buildings, 
while  the  collections  are  to  be  bought  and  cared  for  by  moneys 
contributed  by  the  trustees  themselves  and  the  generous  public. 
In  pursuance  of  this  plan,  by  which  the  authorities  of  the  city 
and  private  citizens  might  cooperate  toward  the  common  end  of 
establishing  a  large  museum,  $500,000  was  appropriated  by  the 
city  to  commence  a  suitable  thoroughly  fire-proof  edifice,  and  the 
Department  of  Parks  was  authorized  to  set  apart  so  much  of  the 
public  lands  under  their  control  as  they  might  deem  proper  and 
necessary  for  the  proposed  structure  and  its  future  extensions. 
In  accordance  with  this  law,  Manhattan  square,  situated  between 
Eighth  and  Ninth  avenues  and  Seventy-seventh  and  Eighty-first 
streets,  and  containing  over   eighteen   acres,  has  thus  been  set 
apart  by  the  Department  and  accepted  by  the  trustees.    Messrs. 
Vaux  and  Mould,  architects  of  the  Park,  have  designed  a  build- 
ing which  may  be  put  up  in  sections,  and  thus  always  be  prac- 
tically complete  and  yet  ultimately  occupy  the  whole  area.     (Here 
Professor  Bickmore  explained    a  number  of    large  and  elegant 
drawings  of  the  whole  plan,  which  is  three  times  as  great  as  the 
British  Museum,  the  largest  institution  of  the  kind  in  the  world 
and  very  properly  the  pride  of  every  Englishman.)     The  gi^at 
object  of  the  museum  is  twofold.     First,  to  interest  and  instruct 
the  masses  which  already  throng  its  halls  and  occasionally  num- 
ber over  10,000  in  a  single  day;   and  secondly,  and  especially 
to  render  all  the  assistance  possible  to  specialists.     These  wants 
are  shown  to  be  amply  met  by  the  large,  palatial  saloons  for  the 
public,  and  over  the  whole  building  a  high  Mansard  story,  con- 
taining spacious  and  well-lighted  rdbms  with  every  modern  con- 
venience, where  naturalists  from  every  part  of  our  country  may 
pursue  their  favorite  studies  for  any  length  of  time,  and  be  secure 
from  all  possible   Interruptions.      The  general   arrangement    of 
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adopted  places  them  at  right  angles,  and  an  ingenious  device 
by  Mr.  Vaux  admits  light  into  the  part  next  the  wall  by  a  slit 
through  the  wall.  (This  was  shown  in  the  drawing  )  Contracts 
have  already  been  matured,  which  oblige  the  contractors  under 
the  forfeiture  of  very  heavy  bonds  to  complete  the  walls,  floors 
and  roof,  all  except  the  interior  finishing,  by  the  1st  of  November, 
1874,  and  the  building  will  undoubtedly  be  ready  for  occupation 
in  the  spring  of  1875.  Professor  Bickmore  concluded  by  extend- 
ing, in  the  name  of  the  trustees,  a  most  cordial  invitation  to  the 
members  of  the  Association  to  visit  the  museum  whenever  and  as 
often  as  convenient,  and  to  avail  themselves  freely  of  any  aid  it 
may  be  able  to  offer  them  in  their  scientific  labors. 


On  thb  Eppects  op  Certain  Poisons  on  Mollusks.     By  William 
North  Rice,  of  Middletown,  Conn. 
The  experiments  referred  to  in  this  paper  were  made  while  the 
writer  was  employed  as  one  of  the  assistants  on  the  U.  S.  Fish 
Commission,  in  Portland  Harbor,  during  the  past  summer.     The 
immediate  object  was  to  discover  some  means  of  killing  gastero- 
pods  in  a  state  of  expansion,  so  as  to  obtain  specimens  exhibiting 
them  in  a  somewhat  life-like  aspect.     It  was  believed  that,  if  such 
a  method  could  be  discovered,  it  would  be  of  some  value  for  pop- 
ular and  educational  museums.    The  species  chiefly  experimented 
upon  were  Bnccinum  undatum,  Ilyanassa  obsoleta,  Tritia  trivit- 
tata,   Lunatia   heros.  Purpura   lapillus,  and   Littorina   palliata. 
The  poisons  employed  were  carbonic  acid,  sulphate  of  morphia, 
chloroform,  chloral  hydrate,  sulphocyanide  of  potassium,  cyanide 
of  potassium,  hydrocyanic  acid,  woorara,  coniine,  quinine,  sali- 
cine,  and  santonine.    Most  of  these  are  well  known  narcotics,  and 
were,  on  that  account,  selected  for  experiment.     Sulphocyanide 
of  potassium  has  been  said  to  act  directly  upon  the  muscular  sys- 
tem, destroying  the  irritability  of  the  muscles.     Several  of  the 
vegetable  alkalies  were  tried,  it  being  known  that  some  of  that 
class  of  compounds  are  more  fatal  to  some  of  the  lower  animals 
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than  to  man  and  other  mammalia.  The  smaller  species  of  mol<* 
lusks  were  immersed  in  solutions  of  the  poisons  employed.  In  the 
case  of  tlie  larger  species,  the  poisons  were  generally  injected  with 
a  hypodermic  syringe.  Carbonic  acid  was  applied  by  pouring  a 
bottle  of  soda  water  into  the  vessel  containing  the  specimens.  Ex- 
periments were  also  tried  of  leaving  the  animals  to  die  in  stale 
water,  of  putting  them  into  fresh  water,  and  of  gradually  adding 
alcohol  to  the  sea  water  in  which  they  were  contained. 

As  regards  the  immediate  object  of  the  experiments,  no  very 
satisfactory  result  was  reached  ;  and  a  leading  design  of  this  com- 
munication is  to  save  others  from  spending  time  and  trouble  in 
fruitless  experiments.  Perhaps  the  best  results  were  obtained 
with  hydrocyanic  acid,  some  of  the  specimens  treated  with  that 
poison*  dying  in  a  very  satisfiictory  condition.  Some  experiments 
with  coniine  also  succeeded  very  well.  The  average  results  of 
the  experiments  with  these  poisons  were  not,  however,  materially 
better  than  those  obtained  b}'  the  simpler  method  of  leaving  the 
animals  to  die  in  stale  water  —  certainly  not  enough  better  to 
make  it  worth  while  to  resort  to  them.  Some  specimens  of  Buc- 
cinum  undatum  which  died  in  stale  water,  remained  quite  well  ex- 
panded, though  the  majorltj^  retracted  the  foot  more  or  less  com- 
pletely  within  the  shell.  In  the  case  both  of  the  animals  which 
died  in  stale  water,  and  of  those  which  were  poisoned,  it  was  fre- 
quentlj'  observed  that,  even  when  the  body  in  general  was  consid- 
erably contracted,  the  foot  being  partly  or  almost  completely  re- 
tracted, the  proboscis  or  penis  or  both  were  quite  fully  extended. 
One  specimen  of  Buccinum  undatum,  poisoned  with  hydrocj-anic 
acid,  not  only  extended  the  proboscis,  but  protruded  the  lingual 
ribbon.  Fresh  water,  alcohol  (however  gradually  added  to  the 
water  in  which  the  specimens  were  contained),  chloroform,  chloral 
hydrate,  cyanide  of  potassium,  quinine  and  santonine,  produced 
complete  contraction. 

Among  the  most  interesting  results  of  the  experiments,  was  the 
observation  that  certain  poisons  which  act  with  extreme  violence 
upon  the  mammalia,  are  very  feeble  in  their  action  on  the  mol- 
lusca.  This  is  especially  true  of  hydrocyanic  acid  and  woorara. 
Specimens  of  Ilyanassa  obsoleta,  immersed  in  dilute  hydroc^^anic 
acid  on  Friday,  showed  somewhat  feeble  signs  of  life  on  the  fol- 
lowing Tuesday.  A  specimen  of  Lnnatia  heros,  into  which  a 
quantity  of  woorara  had  been  injected,  was  fouud  the  next  day  to 
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show  no  sign  of  any  injury.  Indeed,  both  of  these  poisons  seemed 
to  produce  death  very  little  sooner  than  the  animals  would  have 
died  in  stale  water.  The  sudden  introduction  of  a  large  amount 
of  carbonic  acid  in  the  manner  which  has  been  described,  seemed 
to  produce  no  decided  effect.  On  the  other  hand,  chloral  hydrate 
seems  to  be  very  suddenly  fatal,  the  animals  treated  with  it  be- 
coming instantly  contracted,  and  not  resuming  their  activity  when 
kept  for  a  number  of  hours  in  sea  water.  Cyanide  of  potassium 
is  similar  in  its  effects,  though  not  quite  so  instantaneously  fatal. 
The  effects  of  quinine  are  similar,  though  less  energetic.  Chloro* 
form  produces  instantaneous  contraction,  and  probably  death  ;  but, 
as  the  animals  treated  with  this  poison  were  not  afterwaids  kept 
for  a  time  in  pure  sea  water  to  give  them  an  opportunity  to  revive, 
it  is  not  certain  that  they  were  really  dead. 


Calvert's  supposed  Relics  of  Man  in  the  Miocene  of  the  Dar- 
danelles.    By  George  Washburn,  of  Constantinople. 


COMMUKTCATED  BT  C.  H.  HITCHCOCK. 


Sir  John  Lubbock  announced  not  long  ago  that  Mr.  Calvert  had 
discovered  evidence  at  the  Dardanelles  of  the  existence  of  maji 
in  the  Miocene  period.  He  reported  that  eight  hundred  feet  below 
the  surface  there  had  been  found  several  flint  instruments  ;  bones 
split  lengthwise,  and  especially  a  fossil  bone  upon  which  had  been 
engraved  a  picture  of  a  horned  animal.  The  author,  in  company 
with  Mr.  Forbes,  instructor  in  mathematics  in  Robert  College, 
visited  the  spot  last  April,  and  found  Mr.  Calvert  engaged  in 
mining  and  ready  to  aid  them.  The  deposits  were  found  midway 
between  the  Dardanelles  and  the  plains  of  Troy.  The  hills  rise 
abruptly  about  eight  hundred  feet  above  the  Straits,  and  are  cut 
by  deep  ravines  which  exhibit  the  formation. 

The  lowest  formation  exposed  at  this  point  is  a  non-fossil- 
iferous,  argillaceous  limestone,  nearly  white,  of  irregular  thick- 
ness, and  smooth,  like  pressed  clay,  on  its  upper  surface.     Above 
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this  are  irregular  beds  of  earth  and  clay  of  different  colors ,  next 
is  a  deposit  of  white  sea-sand  five  hundred  feet  thick,  which  con- 
tains, at  irregular  intervals,  pebble  beds  from  one  to  four  feet 
thick ;  next  is  a  bed  of  shell  limestone  at  least  one  hundred  feet 
thick.  These  shells  are  of  the  brackish  water  variety.  Tchiha- 
theff,  in  his  ^^Asia  Minor,"  calls  this  Miocene.  The  fossils  and 
flints  were  closely  examined,  and  the  investigators  arrived  at  the 
conclusion  that  they  were  shaped  by  the  action  of  water.  Teeth 
of  the  mastodon  and  parts  of  tusks  were  found.  The  bones  found 
were  in  so  small  fragments  that  it  was  not  possible  to  determine 
them.  Similar  fragments  of  flint,  exhibiting  no  other  action  than 
that  of  water,  were  found  in  abundance  in  a  pebble  formation  near 
Dardanelles,  and  it  was  only  a  question  of  selecting  from  piles  of 
stones  those  that  happened  to  take  a  certain  shape. 

Mr.  Calvert  has  in  his  collection  several  bones  split  lengthwise 
with  the  marrow  gone.  This  cannot  be  denied.  But  I  doubt  if 
such  bones  prove  the  existence  of  human  beings.  We  found  in 
the  hole  of  a  Jackal,  on  the  plain  of  Troy,  sheep  bones  which  had 
also  been  split  lengthwise,  and  inferred  that  if  the  bones  were  split 
they  were  the  work  of  beasts.  But  it  is  very  doubtful  if  the  bones 
found  by  Mr.  Calvert  were  broken  in  this  way  ;  for  we  found  that 
when  one  of  the  whole  bones  was  dropped  it  broke  lengthwise,  and 
as  all  the  marrow  was  gone  it  resembled  the  split  bones  found. 

The  bone  with  the  supposed  engraving  is  a  fragment  about  eight 
inches  in  diameter,  shaped  like  a  flattened  sphere,  one  surface 
smooth,  the  other  rough.  It  has  been  called  the  bone  of  a  masto- 
don or  of  a  Deinotherium,  but  is  so  small  that  it  cannot  be  deter- 
mined. Mr.  Calvert  has  had  it  about  twenty  years,  but  only  lately, 
since  he  read  Sir  John  Lubbock's  book  on  bones  in  France,  has  he 
distinguished  the  engraving  upon  it.  The  smooth  surface  has 
some  fifty  marks,  more  than  half  which  are  grouped  in  the  centre. 
Taken  individually  they  are  peculiar  and  puzzling,  but  taken  to- 
gether they  can  hardly  represent  a  sketch  of  an  animal,  or  show  an 
evidence  of  design.  We  were  unable  to  account  in  a  satisfactory 
manner  for  the  marks,  but  suggested  they  might  have  been  pro- 
duced by  worms  when  the  bone  was  soft.  We  found  the  smooth 
upper  surface  of  the  underlying  stratum  of  limestone  was  covered 
with  exactly  similar  marks,  man}'  groups  of  which  made  more 
striking  pictures  than  those  found  on  the  bone.  One  specimen  is 
so  marked  that  a  vivid  imagination  can  distinguish  the  picture  of 
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a  wild  boar  with  a  spear  in  his  side,  with  the  Greek  letter  n  most 
clearl}'  cut  by  the  side  of  it.  No  one  would  dream  of  attributing 
all  the  marks  upon  the  rocks  to  design,  and  I  think  it  equally 
unreasonable  to  attribute  the  similar  marks  upon  the  bone  to 
human  agency. 

The  author  reports,  therefore,  in  view  of  the  facts  mentioned 
above  as  to  the  fiints,  the  split  bones  and  the  marks  upon  the  fos- 
sil bone,  that  he  believes  that  Mr.  Calvert  and  Sir  John  Lubbock 
(who  had  never  seen  the  specimens)  are  mistaken  in  the  conclu- 
sions  to  which  they  have  come ;  and  that  they  have  not  been  able 
to  find  any  evidence  whatever  at  the  Dardanelles  in  reference  to 
the  antiquity  of  man. 


Geologt  of  the  Northwest  Part  of  Maine.    By  C.  H.  HrrcH- 
cooK  and  J.  H.  Huntington,  of  Hanover,  N.  H. 

The  country  alluded  in  this  communication  is  bounded  on  the 
east  by  Moosehead  Lalce,  on  the  north  by  the  west  branch  of  the 
Penobscot  River,  on  the  west  by  the  water-shed  between  the  Ken- 
nebec and  Chaudiere  rivers,  including  the  neighborhood  of  Lake 
Megantic ;  on  the  south  and  southwest  by  the  mountain  range  of 
which  Mt.  Bigelow  is  the  culminating  peak.  It  is  partly  Palae- 
ozoic, with  an. abundance  of  fossils,  and  partly  Eozoic.  It  is  of 
special  interest  because  it  is  the  district  where  the  fossiliferous 
rocks  are  limited  (in  passing  towards  the  White  Mountains  from 
the  Gulf  of  St.  Lawrence)  by  the  older  strata.  It  has  been  sup- 
posed by  many  that  these  Devonian  fossiliferous  strata  passed  by 
gradual  metamorphism  into  crystalline  rocks  and  that  the  gneisses 
of  New  England  are  to  be  regarded  as  altered  Palaeozoic.  The 
sequel  will  show  that  this  position  is  not  tenable  —  so  as  far  can 
be  judged  from  the  rocks  of  this  district. 

The  fossiliferous  rocks  of  this  section  were  first  pointed  out  by 
Dr.  Jackson,  who  studied  them  particularly  in  the  vicinity  of 
Parlin  Pond.^     He  mentions  a  locality  half  a  mile  north  of  Parlin 
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Pond  where  he  discovered  a  great  namber  and  variety  of  impres-" 
siona  in  a  bed  of  Graywacke.  He  speaks  of  them  as  the  most 
perfect  casts  of  marine  fossils  that  he  had  ever  seen.  He  seems 
to  have  been  led  to  the  discovery  by  the  numerous  bowlders  that 
have  been  scattered  from  tliis  formation  as  far  south  as  the  outer 
island  of  Penobscot  Bay  in  the  mouth  of  the  Kennebec.  Dr. 
Jackson  passed  over  Moosehead  Lake ;  then  he  followed  Moose 
River  up  to  the  Canada  road,  which  is  some  thirty  miles  from 
the  lake ;  thence  he  went  southward,  after  he  had  explored  the 
countr}'  northwai-d  to  the  Canada  line.  In  passing  up  Moose 
River  he  crossed  the  fossiliferous  strata  diagonally.  He  noticed 
obscure  fossils  in  the  rocks  at  Lake  Brassua  and  these  are  the 
only  fossils  he  observed  on  Moose  River,  or  on  the  lakes  that  are 
expansions  of  this  stream. 

In  1861-62,  one  of  us  when  engaged  on  the  geological  survey 
of  Maine  traversed  hastily  Moosehead  Lake,  then  westward  to 
the  boundary  along  the  west  branch  of  the  Penobscot ;  and  the 
Canada  Road  from  the  Forks  to  the  Chaudiere.^  The  upper  sec- 
tion showed  two  Iluronian  areas  overlaid  by  two  bands  of  clay 
slates,  the  latter  most  likely  of  Upper  Silurian  age ;  the  other, 
tlie  Canada  road,  exhibited  at  first  strata,  most  likely  Upper  Si- 
lurian in  age  (possibly  Huronian)  overlaid  by  a  band  of  Oriskany 
sandstone  —  to  the  west  of  which  appeared  first  granite  ledges, 
then  the  Upper  Silurian  strata,  followed  by  the  Huronian  again 
extending  into  Canada.^  The  numerous  fossils  obtained  at  the 
first  visit  were  named  by  Billings  of  Montreal,  who  recognized 
in  them  characteristic  species  of  the  Oriskany  sandstone.  Sub- 
sequently, the  finding  of  the  FucoidesCauda-Galli  made  us  believe 
the  representatives  of  the  Cauda-Galii  grit  appeared  on  Moosehead 
Lake.^ 

In  the  hope  of  gaining  some  additional  knowledge  of  the  rocks 
of  this  section,  particularly  in  determining  their  extreme  limit,  J. 
H.  Huntington  spent  a  few  weeks  late  last  autumn  in  traversing 
the  country  from  Moosehead  Lake  westward.  Standing  on  the 
summit  of  Mt.  Kineo  and  looking  toward  the  southwest,  we  see  a 
high  ridge  that  is  almost  parallel  with  Moose  River.  This  ridge 
is  composed  of  a  rock  similar  to  that  of  Mt.  Kineo.  It  has  been 
described  as  a  bluish  hornstone  or  flint,  but  it  seems  rather  to  be 

a  Second  Annual  Report,  p.  343,  18G3.  •  Id.,  p.  283.  *  Id.,  p.  331. 
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a  felsite  and  although  cut  bj  many  Joints  which'  make  the  strati- 
fication very  obscure,  yet  it  appears  to  have  a  northwesterly  dip. 
On  the  west  shore  of  Lake  Brassua,*  probably  two  miles  from  the 
southern  extremity  of  the  lake,  there  is  an  outcrop  of  a  dark 
colored  shale ;  and  immediately  north,  there  is  another  outcrop  of 
felsite.  If  we  follow  the  line  of  the  strike  of  the  felsite  of  Lake 
Brassua,  four  miles  S.  W.  of  Parlin  Pond,  we  find  Bald  Mt.  with 
the  ridges  running  W.  and  N.  £.  to  be  composed  of  a  rock  similar 
to  that  of  Mt.  Kineo.  So  it  is  possible  that  the  rock  may  be  con- 
tinuous between  these  two  points. 

The  shores  about  the  inlet  of  Lake  Brassua  are  low,  and  the 
stream  is  quite  sluggish  until  after  you  pass  the  little  Brassua. 
Perhaps  three-fourths  of  a  mile  above  this  lake  the  stream 
becomes  rapid,  and  outcrops  of  rock  are  frequent.  The  rock  is  a 
ferruginous  sandstone  cut  by  numerous  joints,  and  the  strata  dip 
S.  20^  E.  10^.  The  fossils  are  quite  numerous  and  some  of  them 
very  distinct.  The  following  are  the  genera:  Avicnla,  Modio- 
lopsis,  Orthis,  Leptocoelia,  Flabellites,  Spirifer,  Fucoid.  For  the 
next  three  miles  the  rock  is  a  light  brown  sandstone,  very  hard, 
and  in  this  we  did  not  see  any  fossils.  At  the  mouth  of  Stony 
Brook,  a  point  some  two  miles  from  Long  Pond,  we  found  another 
fossiliferous  band  of  i*ock.  There  the  sandstone  is  compact,  but 
it  frequently  contains  fragments  of  slate  an  inch  or  more  across. 
Thus  it  is  evident  that  this  rock  is  newer  than  the  slates  on  either 
side.  The  dip  of  the  rock  here  is  S.  SI*"  £.  V.  The  fossils  are 
not  so  numerous  as  in  some  other  places,  but  they  seem  to  be 
more  generally  distributed  through  the  rock.  This  is  the  only 
locality  where  the  coral  Favosites  is  found.  From  this  point  to 
Long  Pond  the  outcrop  is  the  same  compact  brown  sandstone  that 
we  had  seen  in  several  places  between  the  little  Brassua  and  the 
mouth  of  Stony  Brook.  Long  Pond  is  nine  miles  in  length,  and 
is  the  longest  of  the  numerous  sheets  of  water  which  are  expan- 
sions of  Moose  River.  It  varies  in  width  from  a  quarter  to  a  half 
mile.  The  first  outcrop  of  rock  on  the  south  shore  contains  con- 
cretions of  iron  pyrites,  but  no  fossils.  About  half-way  up  the  lake 
the  strata  run  diagonally  across,  and  there  are  several  outcrops 
of  rock  at  some  distance  from  the  shore.  Here  there  are  a  few 
fossils,  but  as  they  are  on  the  perpendicular  face  of  the  ledges  it 
is  impossible  to  obtain  specimens  by  ordinary  appliances ;  yet  it 
gives  us  the  means  of  the  exact  dip  of  the  strata.     Six  miles  from 
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the  outlet  ou  the  south  shore  there  is  quite  an  extensive  outcrop 
of  rock  and  an  abundance  of  fossils.  The  dip  of  the  strata  here 
is  S.  20°  E.  55**.  The  sandstone  is  of  a  lighter  color  than  that 
which  is  generally  found  farther  east,  and  the  strata  dip  at  a 
^eater  angle.  The  fossiliferous  portion  of  the  rock  is  more 
argillaceous  than  the  non-fossiliferous. 

Going  south  across  the  strata  to  Mountain  Brook,  a  stream 
running  east  from  Owl's  Head,  there  are  a  few  fossils,  but  rather 
indistinct.  The  dip  of  rock  here  is  S.  40**  E.  10.°  In  the  south- 
east corner  of  Long  Pond  township,  near  Mud  Pond,  fossils  are 
abundant.  The  dip  is  N.  3°  W.  6°.  The  rock  generally  is  of  a 
bi-ownish  gray  color,  and  nearly  everywhere  cut  by  joints ;  so 
that  where  there  are  no  fossils  it  is  difficult  to  recognize  readily 
the  position  of  the  strata.  Taking  the  fossil  locality  where  the 
rock  begins  to  dip  north  as  the  middle  of  the  axis,  we  have  by 
trigonometrical  calculation  the  thickness  of  2880  ft.  for  the  Oris- 
kany  sandstone.  The  rock  northwest  of  the  sandstone  is  in  gen- 
eral an  argillaceous  sehist,  and  dips  toward  the  sandstone  with 
little  or  no  unconformability.  If  we  follow  Moose  River  above 
here  we  shall  find  a  granitic  gneiss.  The  first  outcrop  is  on  an 
island  near  the  outlet  of  Wood  Pond.  The  fossils  from  Parlin 
Pond  are  Strophomena  magnifica^  Orthis  musculosa^  Rhynchonella 
oblata,  Bensseloeria  ovoides^  Leptoccelia  flabellites^  Spirifera  arreeta 
and  pt/xidata^  Modiolopsis^  CyrtodorUa^  Avicvla^  MurchisoniUy  Or* 
thoceras  and  DaXmanites  epicrates. 

SECTION   FROM   LAKE   MEGANTIO    TO   LEXINGTON. 

The  topography  of  the  country  from  Lake  Megantic  to  Lexing- 
ton, though  nowhere  very  remarkable,  possesses  some  points  of 
interest.  Historically,  it  is  of  note  as  the  route  pursued  by 
Arnold  in  his.  expedition  to  Quebec  in  the  autumn  of  1775.  That 
part  of  the  route  from  Eustis  to  Lake  Megantic  is  known  only  to 
lumbermen  and  trappers,  and  previous  to  our  visit  last  autumn, 
the  section,  except  the  western  border  of  Lake  Megantic,  had 
never  been  studied  with  reference  to  its  geology.  Lake  Megantic 
is  some  sixteen  miles  in  length  and  from  two  to  five  and  a  half 
in  width.  With  the  exception  of  a  settlement  at  the  east  end 
there  are  only  primeval  forests  with  some  openings  made  by  the 
lumbermen  and  accidental  fires.  In  the  vicinity  of  the  lake  the 
hills  rise  in  gentle  undulations  and  are  covered  for  the  most  part 

A.  A.   A.   8.   VOL.   XXII.  B.  (14) 


Digitized  by  VjOOQIC 


210  B.      NATURAL   HI8TOBT. 

with  a  heavy  growth  of  spruce,  fir,  maple  or  birch.  Southward 
the  hills  rise  to  mountain  heights.  The  mountain  ridge  forms  a 
water-shed  separating  the  waters  of  the  St.  Lawrence  from  those 
of  the  south  and  forming  the  boundary  between  the  States  and 
Canada.  Two  large  streams,  Victoria  on  the  northwest  and  Ar- 
nold on  the  southeast,  flow  into  the  lake.  The  outlet,  the  Chau- 
diere,  is  on  the  northeast,  a  mile  and  a  half  from  the  northern  ex- 
tremity. On  the  Arnold  River  and  its  tributary,  and  on  the  Spi- 
der River,  the  shores  are  low  for  several  miles.  The  Spider 
widens  into  broad  sheets  of  water,  the  most  prominent  of  which 
are  Rush  and  Spider  lakes.  At  the  head  of  Spider  River  the  gap 
in  the  water-shed  is  lower  than  elsewhere  for  many  miles  on  either 
side.  Here  was  a  depot  of  supplies  during  the  boundary  survey 
in  1844-5.  The  height  of  the  maple  and  birch  trees  on  land 
cleared  then  is  from  twenty  to  twenty-five  feet.  The  outlook 
northward  is  apparently  over  an  unlimited  forest :  six  or  seven 
miles  southward  it  is  obstructed  by  a  range  of  high  hills.  Im- 
mediately south  of  the  water-shed  we  come  into  Maine  to  the 
head  waters  of  Dead  River.  Some  four  and  a  half  miles  from  the 
water-shed  are  three  branches  that  unite  to  form  this  stream. 
From  Rush  Lake  passing  over  the  boundary  into  Maine,  not  more 
than  a  mile  and  a  quarter  from  the  height  of  land,  is  a  sheet  of 
water  nearly  a  mile  in  length,  known  as  Arnold's  Pond ;  the  out- 
let of  which  is  the  middle  branch.  Along  the  northeast  branch, 
which  rises  opposite  the  mouth  of  Spider  River  are  several  bogs, 
one  of  which  is  a  mile  and  a  half  in  length.  Here  the  stream 
widens  so  that  boating  is  practicable  to  within  two  and  one-half 
miles  of  Spider  River,  where  there  is  sufficient  depth  of  water  to 
fioat  a  ''birch."  These  branches  of  Dead  River  with  their  numer- 
ous lakes  are  included  in  a  great  basin,  and  the  stream  breaks 
through  this  basin  in  its  southern  border  at  the  chain  of  lakes, 
which  is  an  expansion  of  Dead  River  some  seven  or  eight  miles  in 
length  and  at  its  greatest  width  perhaps  a  little  more  than  a  mile. 
Half-way  down  the  lakes  there  is  a  high  mountain  ridge,  much 
higher  than  the  mountain  sheets  between  Dea^l  and  Spider  rivers. 
Along  the  south  shore  the  rocks  form  precipitous  heights,  but  on 
the  north  the  rise  is  more  gradual,  yet  there  are  many  jutting 
cliffs  far  up  the  side  of  the  mountain.  At  the  outlet  there  is  a 
high  ridge  that  extends  along  the  south  side  of  the  stream  ;  but  on 
the  north  the  ridge  recedes  quite  a  distance  from  it.     From  the 
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chain  of  lakes  the  stream,  except  for  a  short  distance,  for  sixty 
miles,  is  navigable.  At  the  long  falls  there  is  a  carry  of  a  mile, 
then  dead  water  for  five  miles  to  the  great  falls,  and  from  this 
point  continuously  rapid  to  the  forks  of  the  Kennebec.  A  large 
part  of  Eustis,  Flagstaff  and  Dead  River  plantation  is  included  in 
a  great  basin  entirely  surrounded  by  mountains.  On  the  south  is 
Mount  Bigelow,  a  mountain  ridge  extending  ten  miles  east  and 
west.  When  it  reaches  R.  1 1  it  sweeps  round  to  the  north  through 
L.  11,  the  same  range.  Then  the  ridge  runs  west  to  the  long 
falls  on  Dead  River. 

The  rocks  on  a  section  from  Lake  Megantic  to  Lexington  are 
as  follows :  at  the  north  end  of  the  lake  there  is  a  dark  gray  are- 
naceous schist  that  frequently  contains  iron  pyrites.  On  the  west 
side  of  the  lake  and  south  of  Victoria  River  there  is  a  wrinkled 
argillaceous  schist  with  a  fossil  brown  slate  having  small  cavities 
filled  with  a  yellowish  brown  powder.  The  dip  is  S.  45"  E.  70"*. 
These  rocks  are  referred  to  the  Upper  Silurian  by  Sir  Wm.  Logan 
and  they  extend  down  the  Chaudiere  River  to  St.  Francis.  South- 
west we  have  found  them  in  Ditton  and  on  the  boundary  of  New 
Hampshire.  Their  eastern  limit  is  near  the  head  of  Perry  Stream. 
On  their  southern  extension  they  pass  into  mica  schist.  Follow- 
ing the  road  parallel  with  the  lake  six  miles  from  Lake  Megantic, 
the  rock  changes  and  we  have  green  chloritic  schists,  containing 
light  green  epidolitic  nodules.  The  rock  here  dips  N.  36°  E.  36°. 
Farther  up  the  lake  we  have  Hue  dark  gray  sandstones.  These 
rocks  were  examined  by  Sir  Wm.  Logan  on  the  lake  shore,  and 
by  him  they  were  referred  to  the  Quebec  group,  and  were  supposed 
to  underlie  the  wrinkled  argillaceous  schist  just  described.  This 
seems  quite  probable  from  their  relations  elsewhere.  We  have 
the  same  succession  of  rocks  in  New  Hampshire  in  the  vicinity 
of  Connecticut  lake,  and  name  the  first  Coos  Group,  the  second 
Huronian.  Near  the  boundary  of  Quebec  and  Maine  and  forming 
the  water-shed  between  Chaudiere  and  Dead  rivers,  we  have  a 
band  of  granite,  probably  eruptive.  Following  the  granite  and 
extending  along  Dead  River  for  four  or  five  miles  we  have  a  gran- 
itic gneiss,  the  strata  of  which  are  apparently  horizontal.  The 
high  mountain  ridge  at  the  Chain  Lakes  is  an  eruptive  granite 
and  this  is  followed  near  the  outlet  of  the  lake  by  a  fine  grained 
gneiss  that  dips  67°  and  70°  W.,  and  probably  extends  two  miles 
down  the  river.  We  then  have  for  a  quarter  of  a  mile  a  granular 
talcoid  schistose  rock  that  dips  80°  N.  20°  W.    This  is  followed 
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by  an  impure  serpentine  of  a  very  dark  green  color,  often  asbes- 
tiform  in  the  joints  and  appearing  to  form  a  synclinal  axis.  It  is 
followed  on  the  southeast  by  a  granular  crystalline  rock  somewhat 
coarser  than  that  on  the  northeast,  but  otherwise  similar.  This 
rock  is  so  cut  by  joints  that  it  is  impossible  to  determine  the  dip, 
though  the  strike  corresponds  with  the  granular  crystalline  rock 
northeast  of  the  serpentine. 

Leaving  the  river  and  following  the  old  road,  the  next  outcrop 
is  a  dark  green  crystalline  rock  succeeded  by  quartzite  that  dips 
63**  S.  20®  E.  This  is  followed  by  a  breccia  composed  of  greenish 
slate,  quartzite  and  serpentine,  and  also  what  appear  to  be  red- 
dish grains  of  felsite.  The  breccia  seems  to  be  composed  of 
rocks  found  on  either  side  of  it.  It  is  followed  on  the  southeast 
'by  a  quartzite  that  dips  75®  S.  30®  W.  At  Eustis  village,  ex- 
tending a  mile  northwest  and  three  and  a  half  miles  southeast, 
there  is  a  band  of  tender  fissile  slate,  generally  of  a  greenish 
gray  color,  but  having  bauds  of  light  purple,  and  southeast  of 
the  village  are  bands  of  quartzite.  This  slate  forms  a  distinct 
synclinal  axis.  On  the  Megalloway  River  we  have  granular  schis- 
tose rocks,  quartzite,  serpentine  and  slate.  The  similarity  of 
these  to  those  on  Dead  River  makes  it  quite  probable  that  the 
latter  are  a  continuation  of  the  former.  Between  Eustis  village 
and  Mt.  Bigelow,  there  is  a  greenish  chloritic  rock  that  seems  to 
pass  into  porphyritic  gneiss.  This  rock  occupies  a  large  area  in 
Dead  River  plantation  and  Flagstaff;  since  a  similar  rock  was 
seen  in  Range  6,  Lot  3,  and  northwest  at  Attean  and  Wood  ponds, 
a  continuous  band  may  extend  thirty  miles  northward.  There  is 
a  striking  similarity  in  this  rock  to  one  found  in  Northumberland, 
N.  H.,  and  southward.  Here,  as  at  Littleton,  N.  H.,  there  is  a 
band  of  Heklerberg  limestone  containing  corals  that  are  remark- 
ably distinct.  The  rock,  where  the  fossils  are  most  abundant,  out- 
crops on  an  island  in  Flagstaff  Pond.  On  the  west  peak  of  Flag- 
staff mountain  there  is  a  band  of  limestone,  but  the  fossils  are 
very  obscure.  South  of  the  gYeen  chloritic  gneiss  there  is  a  mica 
schist  or  imperfect  gneiss  that  resembles  very  closely  the  White 
Mountain  series.  On  the  west  peak  of  Mt.  Bigelow  the  dip  is  50® 
N.  On  the  ridge  extending  from  Mt.  Bigelow  east,  where  the 
road  passes  over  it  in  Range  11,  No.  2,  the  rock  is  mica  schist. 
It  dips  60°  N.  5®  W.,  and  carries  an  abundance  of  small  cr3'slal8 
of  andalusite.  These  rocks  rest  on  a  porphyritic  gneiss  that  out- 
crops a  few  rods  south  of  the  height  of  land.     This  gneiss  resem- 
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bles  the  rock  of  the  basin  northwest  in  the  valley,  and  is  followed 
on  the  soath  in  New  Portland  by  a  granitoid  gneiss  that  resem- 
bles yery  closely  that  associated  with  the  gneiss  in  the  vicinity  of 
the  White  Mountains. 

Adopting  the  conclusions  derived  from  our  study  of  the  roeks 
in  northern  New  England,  we  think  the  porphyritio  gneiss  south 
•f  Mt.  Bigelow  is  the  oldest  of  all  the  rocks  enumerated.  The 
gneisses  of  Mt.  Bigelow  and  the  ridges  eastward  abound  in  crys- 
tals of  andalusite,  and  appear  to  belong  to  the  White  Mountain 
series,  and  to  rest  upon  the  porphyritic  variety.  The  series  of 
chloritic  and  talcoid  schists,  quartzites  and  serpentines,  appears 
to  be  still  more  recent  and  to  be  allied  to  the  Huronian  system. 
The  granite  gneiss  from  the  Lake  outlet  on  the  east  to  the  Me- 
gantic  basin  on  the  west  may  be  older  than  the  Huronian  upon 
both  flanks. 

CONOLDSIONS. 

Four  important  conclusions  may  be  drawn  from  the  distribution 
of  the  formations  in  northwestern  Maine. 

1 .  The  Oriskany  sandstone  reposes  gently  upon  Eozoic  gneisses 
—  the  first  bearing  scarcely  more  traces  of  alteration  than  the 
corresponding  group  in  New  York,  while  the  second  seems  to  have 
been  metamorphosed  and  elevated  before  the  Devonian  formation 
was  deposited.  No  further  trace  of  this  group  has  yet  been  found 
towards  the  White  Mountains.  It  has  been  followed  through 
Maine  from  one  hundred  and  fifty  to  two  hundred  miles,  and  sim- 
ilar rocks  are  described  in  Nova  Scotia  by  Dawson.  It  can, 
therefore,  no  longer  be  maintained  with  reason  that  these  strata 
pass  into  New  Hampshire  in  a  metamorphosed  condition. 

2.  The  Oriskany  is  several  times  thicker  than  in  its  extension 
in  the  interior  and  farther  south  in  Pennsylvania.  The  greatest 
thickness  mentioned  by  H.  D.  Rogers  is  five  hundred  and  twenty 
feet,  only  one-fifth  its  dimensions  in  Maine.  The  greatest  ob- 
served thickness  in  New  York  is  only  thirty  feet. 

8.  The  discovery  of  new  localities  of  Helderberg  limestone 
indicates  a  widespread  submergence  of  eastern  America  in  Up- 
per Silurian  and  Middle  Devonian  times,  of  nearly  fifteen  hundred 
feet.  These  fossils  have  been  detected  at  Bernardston,  Mass.^ 
Lyman  and  Littleton,  N.  H.,  Montreal,  Lake  Memphremagog 
and  other  localities  to  the  northeast  in  Quebec  Province,  Eustis, 
Flagstaff  and  Spencer  Mountain,  in  the  field  described  above  in 
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Maine,  and   still    greater   development  in  the   northern  part  of 
Maine,  too  extensive  to  be  specially  mentioned  ;  hence, 

4.  There  must  have  been  subsequently  to  the  Helderberg, 
a  period  of  elevation  to  bring  New  England  to  essentially  its 
present  position.  Possibly  this  epoch  may  be  indicated  in  the 
latter  elevating  force  seen  upon  Mt.  Washington.  The  highly  in- 
clined Helderberg  strata  at  Littleton  and  Owl's  Head,  P.  Q.,  cer- 
tainly bear  witness  to  the  exertion  of  a  powerful  elevating  agency. 


The  outer   Cerebral  Fissures  of  Mammalia  (especially   the 

CaRNIVORA)     AMD     THE     LlMITS     OF     THEIR     HOMOLOGT.        By 

Burt  G.  Wilder,  of  Ithaca,  N.  Y. 

Naturally,  human  brains  have  been  most  extensively  studied, 
and  chiefly  those  of  adults ;  some  have  compared  foetal  brains  with 
those  of  Quadi'^imana  but  the  existing  doubt  and  disagreement,^ 
with  the  lack  of  any  generally  recognized  basis  for  the  determina- 
tion of  fissural  homologies,  suggest  the  need  of  a  different  method 
of  study  ;  and  as  the  main  object  of  this  and  the  next  paper  is  to 
throw  doubts  upon  the  value  of  current  opinions  respecting  brains, 
it  is  proper  to  state  the  materials  upon  which  my  opinions  ai*e 
based.  It  will  be  understood  therefore  that,  unless  otherwise 
stated,  my  present  generalizations  are  based  upon  these  materials 
only,  and  are  subject  to  revision  when  a  larger  number  of  speci- 
mens is  at  my  disposal. 

Where  but  a  single  drawing  or  diagram  was  made,  it  generally 
represents  the  outer  surface  of  the  left  side ;  the  second  usually 
the  right  side,  or  the  upper  (dorsal)  surface ;  and  the  mesial  and 
ventral  surfaces  were  added  if  their  peculiarities  required  and  time 
permitted.  All  of  these  drawings  and  diagrams  were  made  by 
myself,  and  most  of  them  were  exhibited  at  the  meeting. 

The  varieties  of  dogs'  brains  will  be  given  in  the  next  paper. 

On  the  following  page  I  give  a  list  of  original  preparations  and 
drawings  of  mammalian  brains  made  since  July,  1871,  and  forming 
the  basis  of  this  and  the  following  paper. 

>A  good  example  of  this  is  stnted  by  Ecker  who  inolndes  the  anterior  central  lobe 
with  the  frontal,  while  Gratiolct  and  Binchoff  include  it  with  the  parietal. 

Thi8  note,  with  Bomo  other  matter  which  delay  in  publication  has  pormitted  me  to  in- 
sert, should  bear  date  of  December,  1873. 
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XOMBkk  0> 
INDIYIDUAIS. 


SUlKMnVlO  NAME. 


POPULAB  NAHB. 


Homo  sapiens 

Maoaens 

Cynoeephalns 

? 

Canie  ftmfllaris 

CaniB  oocidentalis 

Tiilpes  taWu  8 

Felis  catus,  var.  domesticus . . 

Felis  leo,  tfar.  AAricanns 

Felis  leo,  tfar,  Asiaticus 

Hysna  ralgaris 

Ursas  American  us 

Procyonlotor 

Patorias  Noveboracensls. . . . 

Susscrora 

Bqiins  caballas 

Equas 

Bostaurus 

Orlsaiies 

Capra  iBgagnis 

Capra  asgagrns,  var 

Cariaous  V irglnianus 

Camelus  Bactrianos 

Masdscumanus 

Mus  masculas 

Arctomys  monaz 

Fiber  zibethicus 

Sclarus  Hndsonlus 

Cynomys  LndoTlcianus 

Hesperomys  leucopus 

Scotopbilas  fnscns 

Bidelphys  YirglDlana 

Genera,  -28;  Sp.,  32 ;  Var.,  40-45. 


Man 

White-faced  Indian  Monkey. 

Baboon 

Monkey «. 

Domestic  Dog 

Gray  Wolf 

Red  Fox 

Domestic  Cat «.......«. 

Afi'ican  Lion 

Asiatic  Lion 

Striped  Hyflena 

Black  Bear 

Raccoon 

Weasel 

Swine 

Horse 

Mule 

Cattle 

Slieep 

Goat 

Casiimere  Goat 

Red  Deer 

Two-luimped  Camel 

Brown  Bat 

Mouse 

Woodchuck 

Music  rat 

Red  Squirrel 

Prairie  Dog 

Deer  Mouse 

BrownBat....# 

Opossum 

Total 


48 


6 
1 
1 
6 

29 
8 
2 

42 
1 
1 
1 
1 
S 
1 

24 
7 
1 

20 

18 
1 
2 
4 
1 
2 
2 
2 


3 
IS9 


68 
1 
2 
4 
1 
5 
3 
2 


87 


45 
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These  specimens  form  part  of  a  collection  to  illnstrate  the  nen- 
rology  and  embryology  of  domesticated  animals,  which  Professor 
Agassiz^  authorized  me  to  make  for,  and  at  the  expense  of,  the 
Museum  of  Comparative  Zoology  in  Cambridge.^ 

It  will  be  seen  that  the  above  list  of  one  hundred  and  eighty- 
nine  individuals  includes  about  twenty-eight  genera,  represented 
by  about  thirty-two  species,  and  about  forty-five  varieties,  the  num- 
bers varying  according  to  differing  estimate  of  the  taxonomic  rela- 
tions of  the  individuals. 

The  size  of  human  brains,  the  expense  of  their  preservation  in 
numbers,  the  rarity  of  apes'  brains,  and  especially  of  foetal  speci- 
mens, together  with  the  complexity  of  the  fissural  pattern  which 
man  and  Quadrumana  have  in  common  with  herbivorous  mammals, 
are  additional  reasons  for  selecting  other  subjects.  A  simpler  fis- 
sural pattern  exists  with  the  Camivora.  Among  these  the  wild 
Canidce  (fox,  wolf  and  fennec)  occupy  a  position  midway  between 
the  Viverridoe  and  Mustelidoe  on  the  one  hand,  aud  the  domestic 
dogs,  the  Felidae^  UrsidoR  and  Hymnidoa^  on  the  other.  That  is, 
all  the  main  fissures  found  in  Camivora  are  present  in  the  fox, 
but  uncomplicated  by  contortions  and  by  secondary  fissures. 

Method  op  Preparation.^ — The  present  paper  treats  only  of 
those  cerebral  fissures  which  are  visible  from  the  outer  side  of  a 
brain  properly  prepared.      Heretofore  all  brains  have  been  har- 

3  Since  this  paper  was  written,  he  who  inspired  it  has  finished  his  work  In  this  world. 
As  his  student,  his  asHistant  and  fellow-teacher,  I  cannot  refrain  from  expressing  my 
sense  of  bereavement.  To  me  he  was  not  only  a  great  naturalist;  he  was  the  wisest  of 
teachers  and  the  kindest  of  friends;  whose  criticism  was  a  healthy  stlmulos  and  his 
praise  a  sweet  reward. 

"Those  who  bear  in  mind  that  not  a  single  brain  was  preserved  ft'om  an  entire 
menagerie  which  was  suffocated  in  Boston  about  thirteen  years  ago,  and  that  no  simt* 
lar  collection  exists  in  this  country  on  account  of  its  great  cost  in  time,  alcohol  and 
means  of  displaying,  will  appreciate  the  extent  of  interest  which  Pi-of .  Agaseiz  felt  in 
this  special  undertttking;  and  while,  as  Professor  in  one  institution,  I  must  regret  that 
the  result  of  any  of  my  work  should  leave  it  for  another,  yet  as  it  must  be  years  before 
my  own  or  any  other  museum  can  command  the  means  requii-ed  for  sach  a  special  col- 
lection, I  am  really  grateful  for  the  opportunity  of  using  this  material  as  It  came  for  the 
InBtruction  of  my  stu<lent8,  and  by  this  kind  of  work,  avoiding  for  a  season,  the  ontr 
side  drudgery  in  tlic  way  of  popular  writing  imd  lecturing,  to  which  the  existing  finan- 
cial condition  and  policy  of  the  average  American  University  compel  its  Professors 
continually  to  resort,  whether  ready  or  not,  to  the  impairment  of  their  powers,  and  the 
detriment  of  the  interests  of  the  institution  to  which  they  would  rather  devote  all  their 
time,  their  energies  and  their  enthusiasm. 

*  It  may  seem  ih:it  these  remarks  might  be  omitted  or  placed  at  the  end  of  the  paper; 
but  I  have  become  so  Impressed  with  the  olten  repented  dictum  of  Prof.  Agasbiz  that 
•"  the  method  affects  the  result,*'  that  1  wish  to  submit  mine  at  the  outset. 
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dened  while  resting  upon  their  base.  They  become  unnaturally 
flattened,  and  are  then  generally  figured  from  above  only.  Like  so 
many  other  methods  borrowed  from  anthropotomy,  the  common 
manner  of  extracting  the  human  brain  is  seldom  applicable  to  those 
of  animals ;  the  skull,  as  well  as  the  brain,  is  more  useful  if  ver- 
tically bisected,  and  this  seems  to  be  the  only  way  of  insuring  the 
safety  of  the  olfactory  lobes  and  the  appendicular  loh^ile  of  the 
cerebellum ;  the  former  are  rarely  figured  of  their  full  size  (as,  for 
example,  in  tbe  cat  and  cheetah.  Trans.  Zool.  Soc,  vol.  i,  pi.  xx), 
while  the  very  existence  of  the  latter  seems  often  unsuspected 
even  in  those  animals  where,  by  extracting  the  brain  after  bisecting 
the  skull,  I  have  found  it  of  great  size.  In  a  future  communica- 
tion, I  intend  to  illustrate  this  peculiar  organ  and  make  some 
remarks  upon  its  connections,  mode  of  formation,  function  and 
zoological  significance.  It  is  particularly  large  in  the  bear  but 
small  or  wanting  in  the  lion  and  in  cats ;  being  often  bulbous  at 
its  extremity,  the  utmost  care  must  be  exercised  to  avoid  breaking 
the  pedicel,  and  I  have  found  it  easier  to  effect  the  dislodgment 
by  throwing  air  behind  it  with  a  small  blow-pipe.  Figure  1  rep- 
resents from  below  the  left  appendicular  lobule  (A  L)  of  a  Chinese 
dog  ;*  it  seems  to  be  a  protrusion  of  a  portion  of  one  of  the  hori« 
zontal  series  of  convolutions. 

I  am  inclined  to  think  that  in  most  cases,  the  way  to  preserve 
the  entire  brain  in  its  natural  form  is  to  bisect  it  either  before  or 
after  extraction,  and  to  place  each  half  upon  its  mesial  surface  in 
a  flat-bottomed  vessel  of  alcohol.  As  It  rapidly  loses  weight  in 
alcohol^  and  gains  in  water,  and  as  handling  out  of  these  fluids 
is  apt  to  distort  it,  I  would  recommend  weighing  each  half  of  the 
head  before  and  after  extraction ;  the  difference  gives  the  exact 
weight  of  the  brain  ;  but  as  the  apparatus  which  I  employ  (a  sort 
of  adjustable  "  Mitre-box")  does  not  as  yet  enable  me  to  insure 
bisection  on  the  middle  line  exactly,  I  have  not  felt  justified  in 
comparing  the  two  halves  of  brains  together.  If  both  hemispheres 
are  to  be  preserved  entire,  the  section  should  go  rather  to  the  left 
than  the  right  of  the  middle  line,  in  order  to  leave  the  mesial  sur- 
face of  the  right  hemisphere  uninjured ;  but  if  the  right  is  to  be 

s  This  and  the  otbor  flgnree  wUl  be  found  at  the  end  of  next  paper. 

*The  extent  of  this  loss  may  be  seen  from  the  following  cases;  a  brnin  weighing 
.005.  lost  one-sixth  of  its  weight  in  eighteen  hours,  and  one-third  in  four  days;  a  brain 
weighing  ,125.  lost  one  twenty-flah  in  sixteen  hours  and  onc'huir  its  weight  in  two 
mouths;  of  course  the  rapidity  of  the  loss  will  vary  with  the  size  of  the  brain,  the 
amount  and  strength  of  the  spirit  and  the  frequency  of  its  renewal. 
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dis8e(Uedj  then  the  mesial  surface  of  the  left  shoald  be  saved  by 
oarrying  the  section  a  little  to  the  right ;  of  course,  however,  if 
there  is  a  certainty  of  the  saw  going  just  between  the  two,  so 
much  the  better. 

The  pia  mater  should  be  removed  before  drawing;  this  is  best 
accomplished  after  the  brain  has  shrunken  a  little  in  spirit,  using 
a  pair  of  fine  forceps  and  fine  curved  scissors. 

If  possible,  both  sides  of  a  brain  should  be  drawn ;  bat  if  only 
one,  the  left ;  and  with  all  Camivora  (although  not  with  all  Her- 
bivora)j  all  the  outer  fissures  may  be  seen  in  such  a  view;  while 
this  is  not  the  case  in  the  view  from  above,  even  when  the  brain  is 
flattened.  In  drawing,  each  half  should  rest  upon  a  slip  ruled  in 
square  centimetres  ;^  if  the  brain  is  larger  than  that  of  a  cat,  the 
slip  may  be  pinned  upon  a  sheet  of  cork,  and  two  or  more  threads 
stretched  over  the  brain,  coinciding  with  the  lines  hidden  by  it ; 
then  the  drawing  may  be  made  upon  another  ruled  slip,  with  great 
accuracy ;  the  mesial,  upper  and  lower  surfaces  of  the  brain  may 
be  drawn  in  a  like  manner,  though  less  easily  ;  and  large  diagrams 
may  be  accurately  reproduced,  by  ruling  cloth  in  squares  ten,  fif- 
teen or  twenty  times  the  diameter  of  the  original  drawing ;  the 
homologous  fissures  may  be  uniformly  colored  as  in  the  diagrams 
exhibite  d  ;Gratiolet,  Owen  and  Bischoff  have  colored  homologous 
folds^  but  it  is  obvious  that  the  same  end  is  more  readily  attained 
by  coloring  the  fissures ;  and  that  alterations  are  also  more  prac- 
ticable. 

It  would  certainly  be  an  advantage  to  possess  a  cast  of  the  cra- 
nial cavity  for  comparison  with  the  brain ;  and  all  comparative 
measurements  and  weigiits  should  take  into  account  the  shrinkage 
of  brains,  and  their  loss  of  weight.^ 

7 1  am  happy  to  state  that  &f  r.  Geo.  Woohrorth  Colton,  the  well  known  map-maker, 
and  a  member  of  this  ABAOcintion,  has  offered  to  prepare  raled  paper  of  a  size  and 
quality  suited  to  this  and  other  natural  history  purposes. 

It  will  be  noted  that  the  perspective  is  ignored  in  drawings  made  by  the  above  method ; 
each  Assure  is  represented  as  if  at  a  point  on  a  line  perpendicular  to  the  surface  on 
which  the  brain  rests :  a  drawing  in  which  this  Ime  should  be  perpendicular  to  Uie 
convex  surface  of  the  hemisphere  would  produce  the  effect  seen  in  fig.  5,  plate  la. 

•  Wlien  a  brain  is  once  thoroughly  hardened  in  alcohol  it  may  be  kept  in  weaker 
spirit  or  clear  water  during  examination ;  it  rapidly  shrinks  still  more  in  the  air.  I  am 
conducting  experiments  to  show  how  well  and  how  long,  hardened  brains  can  be  pre- 
served in  a  mixture  of  equal  parts  glycerine  and  water  which  does  not  evaporate  like 
spirit  and,  by  its  greater  specific  gravity,  avoids  injurious  pressure  of  the  specimens 
upon  each  other  or  upon  the  vessel.  The  best  way  of  keeping  many  brains  for  study  is 
In  a  wide  tin  box  two  or  three  inches  deep  and  cnsed  in  wood,  with  a  glass  cover;  if 
each  half  of  a  biaiu  is  kept  on  its  mesial  surface,  no  Injury  can  result. 
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The  Cerebral  Fissures. — More  attention  has  been  given  to 
the  folds  (gyri,  convolutions,  or  anfractuosities)  than  to  the  fis- 
sures (furrows  or  sulci).  But,  whatever  may  be  the  manner  of 
their  formation,  the  latter  really  represents  the  location  of  the 
augmented  gray,  ganglionic  or  dynamic  tissue  more  than  the  for- 
mer ;  for,  as  a  rule  (the  only  exceptions  being  the  points  of  oblique 
junction  of  two  fissures),  the  contiguous  walls  of  a  fissure  are 
nearer  together  than  the  two  sides  of  either  of  the  folds  which  it 
separates ;  a  line  representing  the  fissure,  therefore,  indicates  the 
location  of  a  much  larger  bulk  of  gray  matter  than  a  line  of  equal 
width  representing  any  part  of  the  surface  of  the  fold. 

Practically  too  the  fissures  are  by  much  the  easier  to  describe 
and  designate,  and  it  would  be  as  hard  to  designate  folds  without 
first  identifying  fissures  as  to  describe  the  countries  of  Europe 
without  mentioning  its  rivers.  The  sides  of  a  fissure  are  usually 
near  together  and  parallel,  so  that  the  fissure  may  be  described  or 
figured  as  a  single  line  of  certain  direction;  but  the  opposite 
borders  of  any  one  fold  are  rarely  parallel  throughout  their  whole 
extent. 

Moreover,  the  surface,  which  in  one  brain  forms  two  folds,  with 
an  intervening  fissure,  may  in  another  be  one  continuous  fold. 
What  shall  it  be  called  ?  Relatively,  at  least,  the  surface  of  a  con- 
voluted brain  is  the  same  as  it  was  before  the  fissures  appeared ; 
while  the  fissures  are  gradually  introduced  and  are  to  a  certain  ex- 
tent capable  of  identification ;  and  although  they  may  be  wholly 
due  to  a  vertical  elevation  of  the  contiguous  folds,  yet  it  is  the 
fissures  and  not  the  folds  which  can  be  said  to  increase,  to  connect, 
or  to  remain  separate.  Granting,  then,  that  folds  are  the  ulti- 
mate object  of  our  study,  fissures  are  first  to  be  so  thoroughly 
identified  in  all  animals  that  when  one  of  them  or  one  of  the  folds 
is  mentioned,  there  can  be  no  doubt  of  its  being  recognized  by  all. 

Fissures  may  be  studied  in  four  ways  : 

First:  As  to  their  general  nature. 

Second:  Singly,  as  to  their  special  peculiarities. 

Third:  As  evidences  of  zoological  afiinities. 

Fourth\  As  indications  of  intellectual  power. 

The  last  view  will  be  considered  in  the  next  paper.  According 
to  the  first  view,  we  may  at  once  separate  three  of  Owen's  fissures 
from  the  rest.  The  rhinal  is  the  line  of  separation  between  the 
olfactory  crus  or  tract  and  the  cerebrum  proper.     The  median  or 
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inter^hemispherical  fissare  divides  the  two  cerebral  hemispheres ;  and 
although  in  most  Carnivora  the  true  fissures  seem  to  be  arranged 
with  some  reference  to  it,  and  although  it  has  clearly  defined  bor- 
'  ders,  yet  neither  of  these  features  exists  with  Herhivora.  The 
sylvian  fissure  marks  the  location  of  a  kind  of  mound  of  cerebral 
substance,  the  ^'Island  of  Reil,"  and  its  manner  of  formation  is 
somewhat  peculiar  as  shown  hereafter. 

Formation  of  Fissures. — No  one  doubts  that  all  brains,  even 
the  most  deeply  furrowed,  were  smooth  at  an  earlier  stage  of 
development.  This  transformation,  so  far  as  the  result  is  con- 
cerned, might  be  compared  with  the  segmentation  of  an  undivided 
yolk,  but  probably  the  process  is  more  often  comparable  with 
the  formation  of  the  primitive  furrow ;  and  although  they  look 
like  clefts  or  depressions  in  the  brain  mass,  it  is  probable  that  the 
fissures  are  the  result  of  a  difference  in  the  rapidity  of  growth  of 
different  parts ;  certain  points  or  lines  remaining  relatively  sta- 
tionary, and  becoming  the  bottoms  of  depressions  or  fissures. 
Still  I  cannot  rid  myself  wholly  of  the  idea  that  shallow  fissures, 
at  least,  may  be  formed  by  direct  depression;  and  if  Ecker  is 
rightly  translated  he  seems  to  have  this  view  respecting  all  of 
them:  ^^Actual  convolutions  are  formed  in  these  districts  only 
with  the  further  progress  of  the  formation  of  fissures  (p.  14). 
The  formation  of  the  convolution  is,  of  course,  entirely  depend- 
ent on  the  development  of  the  fissures  ;  and  in  the  region  of  the 
temporal  lobe,  in  which  the  latter  are  most  variable,  the  convolu- 
tions are  so  too."  (p.  65). 

But  on  page  fifteen,  in  contrasting  the  sylvian  with  other  fissures 
he  says  that  the  latter  '^originate  simply  from  depressiona  or  folds 
of  the  cerebral  cortex."     (The  italics  are  mine.) 

Now,  as  regards  the  aspect  of  the  cerebral  surface  in  the  adult) 
it  makes  perhaps  no  great  difference  whether  we  speak  of  the  fis- 
sures as  depressions  or  the  folds  as  elevations ;  and  the  former  is 
more  natural  on  account  of  the  greater  extent  of  the  elevated  sur- 
faces ;  so  too  in  conversation  it  is  easier  to  say  that  the  sun  rises 
and  sets  than  that  the  earth  revolves  upon  its  orbit ;  but  in  sci- 
entific language  it  would  seem  proper  to  speak  according  to  the 
fact  rather  than  the  appearance. 

Undoubtedly  one  source  of  confusion  is  the  indiscriminate  use 
of  terms  signifying  the  transformations  themselves  aud  the  condi- 
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tione  reached  thereby ;  and  we  might  avoid  it  by  discriminatiDg 
between  appearance  and  aspect,  formation  and  conformation, 
development  and  presence  or  existence,  etc. 

As  a  single  example  of  the  looseness  of  our  present  expressions, 
on  account  of  lack  of  definite  information,  Huxley  (Comp. 
Anat.  of  Vertebrates,  p.  492)  enumerates  among  the  distinctive 
features  of  the  human  brain,  *Hhe  filling  up  of  the  occipito  tempo- 
ral fissure,^'  as  compared  with  that  of  itpes ;  in  its  most  literal 
sense  this  would  imply  that  something  jUled  a  previously  existing 
fissure ;  a  little  less  literally,  that  the  bottom  of  the  fissure  grew 
up  to  the  surface  of  the  adjoining  folds,  so  that  a  foetal  fissure  did 
not  exist  in  the  adult ;  and  still  again,  and  this  would  be  a  per- 
fectly legitimate  interpretation,  it  might  indicate  the  fact,  that  a 
fissure  which  exists  in  apes  did  not  exist  in  man  in  any  stage ; 
but  even  this  would  be  capable  of  at  least  two  meanings,  according 
as  the  readei*s  believed,  or  not,  in  actual  evolution. 

The  formation  of  fissures  seems  to  proceed  very  rapidly.^  I 
have  traced  it  in  kittens  of  the  same  litter,  killed  at  short  intervals 
beginning  at  birth ;  and  even  allowing  for  individual  and  sexual 
dififerences,  it  would  appear  that  during  the  first  week,  a  change 
may  occur  perceptible  within  six  hours  ;  the  most  favorable  fissure 
for  this  purpose  is  tlie  frontal. 

The  large  superficial  cerebral  vessels  often  lie  in  the  fissures ; 
but  that  this  is  merely  a  coincidence,  and  not  a  cause,  is  indicated 
by  the  frequent  departure  of  these  blood- pi  pes  from  their  trenches ; 
the  slight'furrow  which  marks  the  course  of  a  large  vessel  across 
a  fold  has  generally  a  more  regular  form  with  better  defined  bor- 
ders. Where  the  folds  are  much  contorted  as  in  man  and  most 
herbivora,  as  compared  with  their  simplicity  at  an  earlier  stage, 
one  can  hardly  avoid  the  conjecture  that  the  folds  are  formed 
nnder  pressure,  and  that  the  brain  behaves  much  as  would  a  piece 
of  thick  cloth  crowded  into  a  cavity.  Still  more  suggestive  of 
this  idea  is  the  lateral  contortion  of  the  median  lobe  of  the  cere- 
bellum in  cats ;  in  the  newly  born  kitten  (Fig.  2,  K),  this  is  ver- 
tical in  direction  and  presents  few  folds ;  in  all  but  one  of  the 
adult  cats  that  I  have  examined,  the  median  lobe  appears,  as  in 
Fig.  2,  C,  laterally  contorted ;  the  progress  of  these  remarkable 
changes  will  be  fully  illustrated  on  another  occasion. ^^ 

•As  does  the  yolk  pcgnientntinn  with  Tnrrlos  (Aprassiz,  Cent.  Nat.  Hist.  U.  8.  2.  623). 
io£cker  speaks  (p.  10)  of  the  ''formation  of  ojnvolations  as  n  necessary  consequence 
of  certain  mechanical  processes  of  tlie  brain  and  skull,"  but  it  is  not  clear  bow  much 
influence  is  attributed  to  the  latter  by  this  expression. 
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Yet  while  we  may  recognize  a  sort  of  correlcUion  between  the 
existence  of  fissures  and  the  need  of  enclosing  a  certain  amount 
of  gray  matter  within  a  space  which  is  represented  by  the  cranial 
cavity,  it  by  no  means  follows  that  osseous  walls  are  the  imme- 
diate and  direct  cause  of  the  convolution  ;  much  less  does  it  follow 
that  the  particular  direction  of  the  fissures  is  occasioned  by  the 
ridges  upon  the  inner  cranial  surface  with  which  they  coincide.  In 
short,  we  may  regard  the  size  of  skull  and  of  brain  as  concomi- 
tants of  the  degree  and  character  of  fissuration  without  attempting, 
as  yet,  to  assign  to  them  the  relation  of  cause  and  effect.  It  may 
not  be  proper  to  compare  cerebral  fissuration  with  the  primitive 
formation  of  the  encephalic  lobes,  but  it  is  certain  that  this  latter 
takes  place  independently  of  cranial  circumscription,  especially  in 
many  fishes  where  the  cranial  cavity  far  exceeds  the  brain  mass ; 
and  it  would  be  interesting  to  ascertain  whether  this  interspace 
exists  in  any  of  those  fishes  which,  like  Elacate^  present  some  cere- 
bral fissuration.  At  present  the  matter  must  be  regarded  as  un- 
decided ;  and  the  way  to  elucidate  our  own  lack  of  information  is 
to  ask  ourselves  whether,  in  total  absence  of  cranial  walls,  any 
cerebral  convolution  would  be  developed  in  the  higher  Mammalia, 

FissuRAL  Homologies. — In  order  to  describe  the  variations  of 
fissures  in  different  brains,  they  must  first  be  identified.  Altliough 
Owen  has  (Comp.  Anat.  of  Vertebrates,  vol.  iii,  pp.  114  to  143) 
undertaken  to  homologize  the  fissures  of  the  higher  mammalia 
(Gyrencephala)  throughout,  and  has  rarely  admitted  the  liability 
of  error  (as  on  p.  117),  vet  the  very  completeness  of  his  determi- 
nations throws  doubt  upon  them  in  view  of  the  lack  of  reference 
to  individual  peculiarities,  and  the  renunciation  of  development  as 
a  guide  to  homology  ;  and  it  will  be  safer  to  keep  in  view  the  con- 
clusion of  Gratiolet.  (Mem.  sur  les  plis  cerebraux  de  Thomme, 
p.  10.) 

**It  is  sufficient  to  compare  the  brain  of  an  ape  with  that  of  a  carnivore 
or  ruminant  in  order  to  show  that  in  the  different  mammalian  orders,  the 
cerebral  folds  present  very  different  arrangements. 

These  differences  are  sucli  that  it  would  be  imprudent  to  establish  par- 
allel divisions  and  to  search  for  homolo;;ies.  In  fact  that  search  has  no 
certain  basis,  and  we  do  not  hope  to  accomplish  it  in  a  moment.'* 

Critkria  of  homology. — Having  no  true  structural  features, 
they  present,  as  tests  of  homology:  1.     Position  in  relation  to 
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internal  stracture  (as  the  rhinal  and  sylvian).  2.  Position  in 
relation  to  other  fissures  so  determined.  In  connection  with  this 
latter  test,  we  must  ascertain  whether  anything  like  transposition 
is  possible ;  this  question  will  be  raised  in  respect  to  special  fis- 
sures. Their  connections,  branches,  length,  and  general  direction 
are  probably  of  less  value.  Great  aid  is  always  to  be  had  by 
comparison  with  simpler  brains  of  allied  species,  or  with  the  brains 
of  young  of  the  same  species.  The  extent  of  variation  in  length, 
directions  and  connections,  which  may  exist  without  invalidating 
their  homology,  is  most  readily  seen  by  comparing  the  corres- 
ponding fissures  upon  the  two  halves  of  one  brain  (plate  3,  figs. 
12,  13)  ;  it  appears  that  a  long  fissure  may  be  represented  by 
several  short  and  disconnected  ones ;  that  branches  may  or  may 
not  exist  at  either  end  (these  branches  are  almost  invariably 
dichotomous)  ;  that  two  fissures  wholly  separate  in  the  foetus,  and 
in  other  species  may  unite  either  directly  or  by  a  branch.  Good 
examples  of  this  are  the  lateral  and  coronal  fissures,  which  are 
perfectly  distinct  in  the  foBtus  in  some  adults,  and  on  one  side  only 
of  others,  but  which  show  a  tendency  to  unite ;  a  marked  con- 
stancy in  the  location  and  direction  of  a  branch  may,  as  in  this 
case,  indicate  the  point  of  union.  Finally,  with  respect  to  several 
fissures,  we  must  either  deny  a  homology  which  would  be  other- 
wise unquestioned,  or  admit  that  in  one  species  or  on  one  side,  its 
manner  of  formation  may  greatly  differ.  This  will  be  exemplified 
in  connection  with  the  special  fissures  in  this  and  the  following 
paper;  for  example  Xhe  presylvian^  and  the  ectosylvian.  While 
insisting,  however,  upon  the  provisional  nature  of  many  of  the 
names  which  authors  have  given  to  the  cerebral  fissures  of  mam- 
mals, it  is  necessary  to  adopt  some  nomenclature  in  order  to  be 
understood,  and  in  the  present  paper  the  names  given  by  Owen 
will  be  employed  with  some  modificatfons. 

Special  Fissures.  The  Sylvian. —  This  is  the  most  constant 
of  all  fissures  ;  there  is  no  question  respecting  its  existence  or  its 
name  in  all  brains  which  are  fissured  at  all.^^ 

Its   length,  direction,  branches  and  connections  vary  consider- 

1'  On  this  account  I  have  not  hesitated  to  mark  this  flssnre  upon  all  the  figures,  s, 
but  since  there  is  some  doubt  respecting  the  name  or  the  nature  of  all  other  flsieures 
the  letters  designating  them  are  placed  outside  of  the  figure,  in  order  to  allow  revision. 
Most  of  the  figures  are  shown  white  on  :id-uk  gi'ound;  this  will  allow  future  alterations 
in  the  relative  width  of  fissures  in  oi*der  to  indicate  their  depth  or  relative  constancy. 
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ably,  but,  as  a  rule,  in  the  adult  it  forms  a  nearly  straight  fissure 
directed  dorsad  and  backward,  never  reaching  the  dorsal  margin  of 
the  hemisphere,  and  rarely  if  ever  inclining  forward,  though  gener- 
ally nearly  vertical  in  Herhivora,  Its  manner  of  formation  is  very 
peculiar,  and  may  be  readil3'^  traced  in  new  born  or  foetal  kittens 
and  puppies ;  in  these  and  also  in  the  foetal  wolf  (fig.  6),  there 
appears,  where  in  the  adult  the  sylvian  is  to  join  the  rhinal^  a 
rounded  elevation  (which  is  probably  homologous  with  the  Jn^uZa 
or  Island  of  Reil,  of  anthropotomy)  bounded  above  and  behind  by 
a  shallow  trench  ;  in  front  this  island  is  apparently  continuous  with 
a  narrow  area  of  cerebral  substance  which  still  more  anteriorly 
broadens  into  that  part  which  lies  just  behind  the  olfactory  lobe ; 
the  primitive  sylvian  fissure  is  therefore  an  oo-shaped  depressed 
line  whose  posterior  end  joins  the  rhinal,  and  whose  anterior  end 
is  turned  upward ;  by  the  gradual  projection  of  the  cerebral  mass 
above  this  line,  it  overhangs  the  depressed  tract,  so  that  the  ven- 
tral part  of  the  curve  reaches  the  rhinal  fissure  and  coincides  with 
it  for  a  certain  distance  ;  this  portion  I  have  ventured  to  call  the 
hasisylvian  (Bs)  ;  by  the  growth  of  the  mass  before  and  behind 
the  semicircular  area  now  left,  and  the  final  approximation  of  the 
walls,  the  Insula  is  at  length  wholl}'  concealed,  and  the  semicir- 
cular trench  becomes  a  single  fissure ;  strictly  speaking  therefore, 
the  sylvian  is  an  arched  fissure  like  those  which  surround  it  {edo- 
sylvian^  supersylvian  and  lateral.y^ 

Presylvian  (Ps.). — The  anterior  and  ascending  (dorsad)  extrem- 
ity of  W\Q  primitive  sylvian  seems  to  correspond  with  the  *'  ascending 

1*  From  a  translation  (Cerebral  ConTOlutione  of  Mhd)  which  has  just  come  into  my 
handH,  I  find  that  Ecker  of  Freiburg,  four  years  ago,  observed  the  formation  of  the 
tyltfian  Assure,  and  that  some  of  his  conclusions  upon  this  and  other  points  are  nearly 
like  my  own.  I  am  sure  that  Ecker  will  be  only  glad  that  another  has  reached  similar 
results  ft'om  different  materials,  for  he  employed  human  brains  exclusively,  while  I 
have  purposely  discarded  them  for  the  simpler  brains  of  Camivara.  Ccitainly  he  and 
all  other  honorable  scientific  men  would  accept  the  collections  and  drawings  made  by 
me  as  evidence  of  my  entire  Independence  in  the  work;  but  for  the  satisfaction  of 
others,  including  the  writer  of  an  editorial  in  "The  New  York  Evening  Post*'  for  Aug. 
SO,  which  directly  charges  me  with  unacknowledged  borrowing  from  Ecker,  I  am  com* 
pelted  to  8tate  that  to-day,  Sept.  S,  1873,  for  the  first  time,  have  I  leainod  the  contents  of 
Eckei-'s  work. 

Moreover,  while  not  questioning  the  correctness  of  Ecker's  statement  that  in  man 
"the  whole  hemisphere  curves  itself  in  an  arch,  concave  below,  around  the  place  of  en- 
trance of  the  cerebral  peduncle  '*  (p.  15),  it  is  proper  to  say  that  the  brains  of  kittens 
and  puppies  examined  by  me  do  not  conflnn  it;  nor  is  it  easy  to  see  how  so  long  a  fls* 
sure  as  that  of  the  bear  could  be  formed  in  that  way;  it  is  evident  that  for  the  elucidation 
of  this  and  many  other  points,  we  need  a  very  extended  series  of  observations  upon 
the  developing  brain  of  many  animals. 


Digitized  by  VjOOQIC 


B.      NATURAL  HIBTOBT.  225 

branch"  (Ecker,  fig.  1,  S")  in  its  manner  of  formation,  and 
in  its  relation  to  the  sylvian;  but  the  intervening  space  in  all 
brains  I  have  examined  is  so  much  larger  than  the  ' 'operculum"  of 
anthropotoroy  that  I  hesitate  to  affirm  it  before  observing  its  forma- 
tion in  many  intermediate  species.  Moreover,  in  a  lion  (fig.  18), 
there  is  a  small  fissure  between  the  sylvian  and  what  I  take  to  be 
the  presylvian^  which  in  some  respects  more  nearly  resembles  the 
^^ascending  branch"  in  man ;  while  in  a  bear  (fig.  10)  and  raccoon 
(fig.  11)  there  is  a  similar  one  in  front  of  the  presylvian^  which 
may  be  only  a  continuation  of  the  slight  upward  curve  at  this 
point  which  the  rhinal  presents  in  many  dogs.  I  would  suggest  the 
name  presylvianj  at  least  for  the  fissure  already  described  in  Car- 
nivora.  It  is  evidently  the  same  which  Flower  refers  to  as  super- 
orbital  (Anat.  of  Proteles;  Proc.  Zool.  Soc,  1869,  p.  479),  but  there 
seem  good  reasons  for  regarding  it  as  ideally,  at  least,  a  dismem- 
berment of  the  sylvian,  I  say  ideally^  for  although  generally  so  in 
factj  yet  occasionally  there  is  no  connection  whatever,  and  that 
which  would  in  respect  to  position  be  called  presylvian  is  an 
isolated  fissure.  This  is  the  case  on  both  sides  of  a  raccoon 
(fig.  11),'^  and  on  the  left  of  an  impure  tan  terrier  dog;  of  the 
right  of  this  brain  I  have  no  drawing,  but  think  the  union  is  as 
usual.  This  is  certainly  a  point  which  should  be  clearly  under- 
stood before  we  can  be  sure  of  the  value  of  our  determination ;  at 
present  I  am  not  prepared  to  explain  it.  It  will  be  noted  also  that 
in  most  dogs  and  in  the  lion,  the  presylvian  is  not  only  very  long, 
but  apparently  double,  as  if  a  special  and  independent  fissure  had 
become  connected  with  its  dorsal  end ;  whether  this  is  the  case 
can  pi*obably  be  decided  by  sections,  for  there  is  reason  to  think 
that  an  independent  fissure  is  always  deepest  at  its  middle  where 
it  may  generally  be  supposed  to  commence ;  and  if  the  fissure  in 
question  is  shallower  at  the  point  of  suspected  junclion  we  may 
fairly  conclude  that  it  is  really  a  compound  fissure. 

Frontal^^  (F.).  This  fissure  is  very  characteristic  of  Garnivora 
being  absent,  so  far  as  I  know,  only  in  Paradoxuras  figured  by 
Gervais.     (Nouv.  Arch,  du  Museum,  tome  vi,  pi.  9,  fig.  2.) 

"Bat  in  another  specimen  the  connecUon  seems  to  exist  as  usnal. 

^*l  have  adopted  Owen's  name  as  applied  originally  to  the  brain  of  oat  and  chee^ohi 
bat  am  not  sure  that  it  is  homologous  with  that  so  oalled  by  him  in  the  human  brain. 
Flower  has  called  it  crwsidl,    P.  Z.  S.,  p«  479. 
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The  frontal  appears  fVom  without  as  a  cleft  in  the  mesial  mar- 
gin ;  in  kittens  it  begins  as  a  mere  shallow  depression  which 
rapidly  deepens  and  narrows ;  it  is  nearly  as  mach  a  mesial  as  an 
outer  fissure,  and  in  some  cases  joins  one  of  the  mesial  fissures 
so  as  to  appear  a  continuation  of  it;  as  seen  from  above  the 
frontal  extends  outward  and  sometimes  forward  (as  in  fox).  As 
a  whole  I  have  seen  it  take  a  backward  course,  only  in  a  black 
bear,  both  sides,  and  a  sky  terrier,  right  side,  although  when 
curved,  its  outer  end  may  turn  slightly  backward.  It  rarely 
branches,  or  if  so  but  very  slightly  as  on  the  right  of  a  St. 
Beiiiard  (524) ;  in  some  cases,  as  in  right  of  bull  terrier  (514)  ; 
an  apparent  bifurcation  is  merely  the  union  with  it  of  a  small 
secondary  fissure.  But  even  such  junction  is  very  rare ;  on  right 
of  bear  (502,  fig.  10),  it  joins  another  at  right  angles,  but  on 
left  a  considerable  space  intervenes. 

SuPERSTLViAM  (Ss).  Ncxt  in  independence,  in  constancy,  and  in 
order  of  formation  seems  to  come  that  semicircular  fissure  which 
Owen  calls  anpersylvian ;  perhaps  it  should  precede  the  frontal  in 
the  above  respects,  but  like  so  many  other  points,  my  present  ma- 
terial does  not  enable  me  to  determine  this.  I  am  quite  certain, 
however,  that  Owen's  table  (C.  A.  V.,  iii,  p.  186)  does  not  in  all 
respects  (as  its  author  admits)  represent  the  relative  rank  of  all 
the  cerebral  fissures.  It  generally  divides  the  surface  of  the  hem- 
isphere into  two  subequal  portions;  its  usual  relation  to  the 
other  fissures  is  seen  in  the  fox  (fig.  3)  and  the  foBtal  wolf  (fig. 
6).  In  this,  it  forms  a  nearly  regular  curve  with  no  branches  or 
connections ;  and  whichever  we  may  conclude  to  be  its  representa- 
tive, in  the  young  terrier  (fig.  7)  it  would  appear  to  begin  as  a 
longitudinal  groove  about  midway  of  its  fiual  extent  and  nearly 
over  the  sylvian.  This  is  also  the  case  in  cats ;  but  in  most  brains 
its  hinder  end  either  branches  or  joins  some  small  fissure,  while  as 
a  rule,  its  anterior  end  bifurcates,  the  longer  arm  reaching  forward 
and  ventral  often  With  a  slight  dorsal  turn  at  the  extremity,  while 
the  shorter  points  obliquely  forward  and  dorsal  and  often  enters 
the  lateral  fissure  just  outside  (as  in  hyffiua,  fig.  9).  This  little 
branch  so  closely  resembles  the  one  which  is  given  oflfat  the  junc- 
tion of  the  lateral  and  coronal  in  nearly  all  cases  as  to  suggest 
that  it  is,  like  it,  due  to  a  union  of  two  independent  fissures ;  but 
of  this  there  is  no  evidence.     The  fact  that  a  similar  branch  some- 
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times  leaves  the  ectosylvian,  as  in  fox  (figs.  3  and  4),  suggests  a 
like  constitution  for  this  latter  fissare,  or  else  a  serial  arrangement 
of  cerebral  foldings  which  is  not  as  yet  accounted  for  upon  any 
theory  of  correlation  between  mind  and  brain. 

In  a  lion  (fig.  18)  the  Ss  is  irregular,  with  branches  and  junc- 
tions with  other  fissures.  In  a  bear  (fig.  10)  and  raccoon  (fig.  11) 
we  have  a  peculiar  arrangement,  the  explanation  of  which  I  for- 
bear to  suggest  until  I  see  foetal  brains  of  tliese  species.  The 
weasel  presents  only  two  fissures  where  most  Carnivora  have  three, 
and  it  is  not  easy  to  say  which  they  are ;  a  similar  doubt  is  ad- 
mitted by  Owen  (C.  A.  V.,  iii,  p.  117)  in  comparing  the  brain  of 
Coati  (Nasiia)  with  that  of  the  stoat ;  and  I  ask  no  better  evidence 
of  the  fact  that  our  knowledge  of  the  zoological  value  of  fissures 
is  as  yet  incomplete  than  the  comparison  between  my  figure  of  the 
weasel's  brain  (fig.  8)  and  Owen's  figure  of  the  stoat's ;  for  the 
animals  are  similar  species  of  closely  allied  genera,  if  not,  indeed, 
members  of  the  same  genus  (Allen,  Bull.  Mus.  Comp.  Zool.,  No.  8, 
p.  167),  or  varieties  of  the  same  species  (Gray,  Proc.  Zool.  Soc, 
1865)  ;  3'et  my  figure  shows  two  fissures  outside  of  the  sylvian^  while 
Owen's  has  but  one  which  he  calls  supersylvian. 

Lateral  (L.).  This  is  usually  a  curved  furrow  which  divides 
the  space  between  the  niesicd  border  and  the  supersylvian  into  two 
nearly  equal  parts. ^^  The  name  was  given  by  Owen,  probably  in 
reference  to  its  approximate  parallelism  with  the  mesial  border, 
which  is  often  quite  striking,  as  in  the  lion  and  hysena ;  but  its 
anterior  extremity  is  inclined  to  connect  with  another  fissure,  the 
coronal^  so  constantly  and  so  smoothly  that  but  for  occasional  ex- 
ceptions and  observations  of  foBtal  brains,  one  would  incline  to 
regard  the  whole  as  a  single  fissure  with  a  branch,  mesiad,  resem- 
bling that  of  the  supersylvian ;  but  a  careful  comparison  indicates 
that  the  lateral  generally  bifurcates  anteriorly,  and  that  the  ventral 
arm  is  joined  by  the  coronal;  occasionally  they  miss  connection, 
as  on  left  side  of  terrier  (fig.  12),  shepherd  (612),  and  of  arfother 
small  dog  (540),  on  right  of  pointer-shepherd  (fig.  14),  and  on 
both  sides  of  skye  terrier  (503)  and  yonng  tan  terrier  (534),  on 

1*  This  division  of  the  cerebral  surface  into  subeqiinl  areas  by  the  Assures  will  be 
mentioned  in  the  next  paper;  of  course,  as  the  hemisphere  is  convex,  no  figure  can 
represent  the  true  relative  distances  of  the  fissures  unless  the  surfoce  is  projected  upoa 
a  plane  (as  is  done  with  a  fox's  brain,  fi^.  5;;  it  would  appear,  however,  upon  a  series 
of  transverse  sections,  which  I  hope  to  show  upon  another  occasion. 
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left  side  of  lion,  and  in  cats  generally ;  the  weasel  has  no  coronal; 
the  bear  and  raccoon  are  peculiar  in  this  as  in  other  respects.  In 
the  young  terrier  (flg.  7)  the  lateral  is  very  short  and  the  union  has 
not  taken  place.  The  Coi'onal  (C)  may  be  passed  over  with  what 
has  been  said  in  connection  with  the  lateral.  But  there  are  two 
secondary  fissures  which  are  associated  with  the  hinder  end  of  the 
lateral;  one  of  them,  which  generally  occurs  in  cats,  has  been 
called  medUateral  by  Owen ;  it  lies  mesiad  of  and  usually  behind 
the  lateral  and  often  joins  it,  but  seems  to  be  an  independent 
fissure.  When  there  is  any  fissure  mesiad  of  the  lateral  in  dogs,  it 
lies  farther  forward,  and  is  generally  interrupted,  so  that  I  am  not 
certain  of  the  homology ;  but  in  some  cats  (fig.  15)  the  true  medi- 
lateral  seems  to  coexist  with  an  anterior  fissure  mesiad  of  the  lat- 
eral;  while  in  some  dogs,  greyhound  (fig.  16),  the  lateral  is 
prolonged  backward,  as  if  by  a  medilateraU  while  a  separate  fis- 
sure, apparently  a  true  Ml,  lies  between  it  and  the  mesial  border, 
and  another,  £1,  lies  outside  between  it  and  the  aupersylvian.  This 
last,  which  has  not  so  far  as  I  know  received  a  name^  may  be 
called  the  ectolateral.  Flower  evidently  alludes  to  its  constancy 
in  CanidcB  (P.  Z.  S.,  p.  482),  as  occasioning  the  bifurcation  of 
the  posterior  limb  of  the  third  gyrus  (the  value  of  his  general- 
ization will  be  discussed  farther  on.) 

EcTOSTLViAN  (Es.).  This  fissure  is  in  some  respects  the  most  pe- 
culiar of  all,  for  it  presents  differences  not  only  of  adult  condition, 
but  also  of  manner  of  formation,  which  lead  us  to  doubt  the  value 
of  this  character.  Its  simplest,  and  what  may  be  regarded  as  its 
normal,  aspect  is  presented  in  the  young  terrier  and  foetal  wolf  and 
in  the  adult  fox,  where  it  forms  a  curved  line  ot  greater  or  less  ex- 
tent between  the  sylvian  and  the  supersylvian  (it  is  probably  want- 
ing in  the  weasel,  fig.  8)  ;  this  regular  form  occurs  also  in  some  dogs, 
as  a  setter  (10)  (leftside),  and  St.  Bemard  (624)  (right),  where, 
however,  there  are  two  or  more  small  ofl^shoots  from  the  convexity, 
like  the  single  and  apparently  normal  anterior  one  of  the  fox ;  but 
while  the  above  instances  would  suggest  that  the  ectosylvian  is  a 
simple  arched  fissure  commencing  at  a  point  just  above  the  tip 
of  the  sylvian,  and  increasing  at  both  ends,  many  others  would 
incline  us  to  describe  it  as  composed  of  three  independent  pieces, 
one  in  front,  and  one  behind  the  sylvian,  and  the  third  connecting 
those  above  it ;  as,  for  example,  in  the  terrier  (fig.  25) , 
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And  that  this  is  a  not  Impossible  view  of  its  formation  is  shown 
by  the  fact  that  in  several  dogs,  as  right  terrier  (511)  (fig*  13), 
and  left  greyhound  (fig.  16)  and  St.  Bernard,  this  top  piece  is  ap- 
parently wanting  altogether,  leaving  the  front  and  hind  posts  of 
the  door  unconnected.  This  is  apparently  the  normal  condition 
of  things  in  all  Fdidce  (fig.  17),  although  the  ends  may  branch, 
and,  even  as  in  lion,  join  other  fissures.  In  many  dogs,  as  the 
Pomeranian  (fig.  20),  the  posterior  upright  may  be  in  great  part 
wanting,  or  abbreviated  and  joined  with  the  sylvian;  finally,  in 
Hycena  (fig.  9),  the  anterior  upright  ^eem^to  be  transferred  behind 
the  sylvian;  but  this  involves  a  very  grave  general  question  of 
homology  which  there  is  no  means  of  solving  at  present. 

It  will  be  understood  that  the  foregoing  are  by  no  means  offered 
as  full  accounts  of  the  outer  fissures,  even  with  respect  to  my 
present  materials ;  but  rather  as  hints  for  monographic  work  upon 
them  when  a  larger  number  of  specimens  or  accurate  drawings 
shall  be  available.  I^et  me  suggest  in  this  connection,  however, 
that  to  be  useful,  the  original  drawings  should  be  made  by  tlie  anat- 
omist^ and  that  the  transfers  should  be  made  under  his  eye ;  an 
abbreviation  or  extension  of  a  fissure,  which  would  appear  trifling 
to  the  most  conscientious  artist,  might  involve  a  contradiction  of 
important  generalizations  respecting  its  connections. 

But  before  any  final  work  can  be  done  in  respect  to  fissures,  we 
need  a  complete  account  of  the  brain  of  some  one  mammal,  giving 
its  appearance  from  all  sides,  sections  and  dissections  of  all  parts, 
and  demonstrations  of  the  relations  which  may  exist  between  the 
fissural  pattern  and  the  internal  structure ;  then  a  full  series  of 
figures  representing  all  the  stages  of  development,  both  of  the 
brain  as  a  whole  and  of  its  parts ;  on  some  accounts  the  fox  would 
be  the  most  useful  species,  but  as  it  is  not  to  be  had  in  large  num- 
bers, and  as  dogs  are  ineligible  as  a  standard,  from  the  breed  dif- 
ferences as  well  as  from  the  usual  complexity  of  the  fissural  pat- 
tern, we  shall  probably  find  the  cat  most  available  for  this  purpose ; 
such  a  work  would  form  a  fitting  continuation  of  Straus-Durck- 
heim's  magnificent  monograph  of  the  Osteology  and  Myology  of 
that  animal. ^^ 

Taxokomic  Value  op  the  Fissural  Pattern.  Upon  this  point 
Gratiolet  speaks  as  follows  {op.  ciL  p.  iii)  : — 

"It  is  one  of  the  tasks  which  I  wish  to  accomplish,  but  trust  this  will  not  deter- 
others  fk-om  undertaking  it. 
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*^In  like  manner  there  is  a  particular  type  of  cerebral  folding  in 
the  makis,  the  bears,  the  cats,  the  dogs,  etc. ;  in  short,  in  all  the 
families  of  mammalia  (d'animaux).  Each  of  these  has  its  own 
character,  its  norm,  and  in  each  of  these  groups  the  species  can 
be  easily  combined  according  to  the  sole  consideration  of  cerebral 
folds." 

Gervais^^  concludes  that  we  may  recognize  order,  family,  genus 
and  even  species  by  the  brain  (Nouvelles  Archives  du  Museum,  7, 
vi,  p.  152). 

Flower  says  (op.  cit.  p.  480)  :  "For  working  out  all  the  modiflcatioDS  of 
the  brain  convolutions  of  the  Camivora,  a  larger  number  of  specimens 
would  be  required  than  are  at  present  accessible ;  but  the  series  in  the 
museum  of  the  College  of  Surgeons  is  sufficiently  extensive  to  show  that 
they  will  ftirnlsh  important  indications  of  affinity,  and  that  these  indica- 
tions correspond  remarlcably  with  the  evidence  afforded  by  the  cranium, 
digestive  and  reproductive  organs." 

While  admitting  the  probability  that  such  a  family  norm  of  fis- 
suration  does  exist  and  may  hereafter  be  designated,  yet  the  care- 
ful study  of  an  amount  of  material  greater  in  some  respects,  at 
least,  than  previous  writers  seem  to  have  had,  only  makes  me  urge 
the  importance  of  Gratiolet's  remark,  that  "the  value  of  any  con- 
clusions respecting  ideal  unities  has  a  necessary  condition,  that  of 
resting  upon  a  sufficient  number  of  exact  observations"  (op.  cit. 
p.  iii).  The  need  of  this  may  be  seen  by  an  examination  of  Flower's 
generalization,  respecting  the  very  groups  which  we  can  best  illus- 
trate (op.  cit.  p.  482). 

"The  dogs  (Cynoidea  zzz  Canidce)  are  very  uniform  in  their 
cerebral  characters  having  always  four  distinct  and  regular  gyri 
surrounding  the  fissure  of  Sylvius,  which  is  short  and  approaching 
a  vertical  direction.  The  first  and  second  arched  gyri  have  tlie 
anterior  and  posterior  limbs  equal,  the  third  has  the  posterior 
limb  broad  and  bifurcated."^® 

"All  the  other  Camivora  have  only  three  arched  gyri  on  the  outer 
surface,  the  first  or  lower  one  of  the  dogs  being  either  wanting  or 
concealed  beneath  the  second  within  the  fissure  of  sylvians.  In  the 
hyaena  its  hinder  limb  is  partly  exposed." 

"In  the  Arctoidoe  {=zUrsidcey  Procyonidm^  Mustelidoe^  AiluridcB^ 

i^Bat  nlihotigh  this  author  figures  the  brains  of  eighteen  species  of  Camivora  (and 
casts  of  the  cranial  cavities  of  tliese  and  other  species)  he  seems  to  ignore  the  exis- 
tence of  individual  differcnceH,  and  gives  but  a  single  brain  for  each  si>ecic8  and  none 
whatever  ft*om  dogs  (excepting  casts). 

i<*J{y  what  I  have  called  the  ectoali/rian  fisnure. 
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Lutra  and  Enhydra)^  the  fissare  of  Sylvius  is  rather  long  and  slopes 
backwards ;  the  inferior  gyrus  has  the  limbs  long,  corresponding 
with  the  length  of  the  sylvian  Assure ;  the  anterior  rather  narrower 
than  the  posterior  (especially  with  the  true  bears) ;  the  middle 
gyrus  is  moderate  and  equal-limbed ;  the  upper  one  large,  very 
broad  in  front  and  distinctly  marked  off  from  the  second  poste- 
riorly, as  far  as  near  the  lower  border  of  the  temporal  lobe ;  except 
in  the  smaller  members  of  the  genus  Mastda  where  the  sulcus  sep- 
arating the  superior  from  the  middle  gyrus  is  less  pi-oduced  pos- 
teriorly than  in  others  of  the  group.  In  Galictis  vUtata^  however, 
the  brain  is  quite  a  miniature  of  that  of  a  bear ;  but  the  middle 
convolution  is  united  with  the  upper  one  at  its  superior  anterior 
angle." 

*'  In  the  ^luroidea  (including  all  other  Carnivora  excepting  the 
Pinnepedia)y  the  sylvian  fissure  is  moderate  and  nearer  to  the  ver- 
tical than  in  .the  last  group.  The  gyrus  which  immediately  sur- 
rounds it  is  wide,  especially  the  posterior  limb  which  is  generally 
twice  the  width  of  the  anterior  and  is  divided  by  a  vertical  fissure, '^ 
well  marked  in  the  cats  and  hyssnas.  In  the  cats  the  anterior  limb 
is  also  partially  divided.  In  the  civet  both  limbs  are  simple,  the 
second  gyrus  is  moderate  and  simple.  The  superior  gyrus  is 
wide  in  front  but  small  posteriorly,  the  sulcus  which  separates  it 
from  the  second  not  extending  quite  to  the  hinder  apex  of  the 
hemisphere  (the  suricate  agrees  with  the  hyaenas  rather  than  with 
the  civets  in  the  general  character  of  its  brain  convolutions)." 

Of  the  Arctoidea^  Prof.  Flower  may  have  had  more  material  than 
I,  but  in  the  absence  of  exact  enumeration,  his  characterization  of 
the  fissural  pattern  seems  to  me  insufficient  at  least ;  if  by  dogs. 
Prof.  Flower  includes  only  the  feral  Canidoe^  his  generalization 
may  be  not  far  from  correct ;  although  the  backward  slant  of  the 
sylvian  in  both  my  own  and  Gervais'  drawings,  is  generally  greater 
than  in  hyaena  and  weasel,  and  equal  to  that  of  cat  and  lion. 
But  if  the  domestic  dogs  are  included  the  definition  would  not 
apply  to  many  of  them  ;  for  the  bifurcation  of  the  third  gyrus  is 
often  so  complete  as  to  constitute  two  equal  gyri,  as  on  left  of 
terrier  (fig.  12),  and  the  outer  or  fourth  gyrus  may  be  likewise 
bifurcated,  as  in  left  of  greyhound  (fig.  16),  while  the  first  and 
second  gyri  are,  as  a  rule,  rendered  irregular  by  the  peculiarities  of 
the  ectosylvian ;  morever,  the  generalization  respecting  all  other 

i^Which  I  believe  to  be  the  hinder  upright  of  the  eototyloian. 
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Camivora  involves  a  denial  of  the  homology  of  the  complete 
ectosyltnan  of  the  fox  with  the  incomplete  one  of  the  cat,  yet  this 
last  is  very  nearly  like  those  on  the  left  of  the  terrier  (fig.  12)  and 
greyhound  (fig.  16):^^ 

Other  discrepancies  might  be  pointed  out,  if  it  were  possible  to 
present,  in  this  paper,  figures  of  all  the  brains  which  I  have  pre- 
pared ;  but  so  long' as  Prof.  Flower  makes  no  reference  to  the  dif- 
ferences of  individuals  of  the  same  species,  to  variations  of  age 
and  sex,  or  to  differences  between  the  right  and  left  sides  of  the 
same  brain,  I  shall  be  obliged  to  doubt  the  value  of  the  general- 
izations. 

Lateral  Variation.  I  wish  it  had  been  possible  to  offer  here 
drawings  of  both  sides  of  all  the  brains  of  the  feral,  as  well  as 
domestic  Camivora.  I  do  not  recall  a  case  in  which  this  lateral 
variation  has  amounted  to  the  total  absence  of  amain  fissure  upon 
one  side ;  it  consists  rather  in  a  difference  of  length,  depth,  branches 
and  connection,  or  of  nearness  to  other  fissures ;  the  minor  fissures, 
however,  present  very  great  lateral  variations  as  to  presence  and 
location.  Since  most  of  the  examples  given  are  from  domesticated 
dogs,  I  do  not  wish  to  lay  too  much  stress  upon  the  fact  of  lateral 
variation,  but  in  no  work  have  I  seen  both  sides  of  an  animal's 
brain  figured  or  described ;  and  since  no  two  brains  of  different 
species  can  be  so  nearly  related  as  the  two  halves  of  the  same  brain, 
it  is  evident  that  a  careful  study  of  lateral  variation  will  fui*nish  a 
test  of  the  value  of  the  differences  observed  among  brains  (see 
plate  8). 

Lateral  Compensation.  Lateral  variation  is  often  compefisa- 
tory.  For  instance,  a  long  fissure  of  one  side  may  be  represented 
by  several  short  ones  upon  the  other,  the  aggregate  length  being 
equal  to  the  single  one ;  a  straight  fissure  may  represent  a  curved 
one ;  or  a  single  one  may  have  as  counterpart, a  shorter  one  with 
a  branch  ;  in  one  case,  the  total  length  of  a  bifurcated  sylvian  fis- 
sure is  just  that  of  the  longer  but  undivided  fissure  of  the  oppo- 
site side. 

soThe  foregoing  certainly  raises  the  question  whether  we  can  rightly  look  for  tax- 
onomic  assiBtfince  nniODg  the  organs  of  domeeticatcd  animals:  but  meantime  it  seems 
proper  to  include  our  canine  varieties  in  any  generalization  respecting  the  group  of 
CynoMea. 
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The  fanctional  significance  of  this  will  be  alluded  to  in  the  next 
paper. 

Conclusion.  The  foregoing  is  far  from  a  satisfactory  view  of 
the  subject ;  but  it  is  all  I  can  offer  at  present.  My  chief  object 
has  been  to  point  out  the  defects  of  our  methods  of  preparing  and 
drawing  brains,  and  the  insufficiency  of  material  for  making  any 
generalization  respecting  that  mammalian  order  whose  brains  are 
most  readily  obtained  and  whose  fissural  pattern  is  comparatively 
simple.  With  a  single  specimen  or  figure  of  the  brain  of  FtliSy 
Cania^  Hyoena^  Ursus^  MusteLa^  one  might  make  generalizations 
as  to  specific,  generic  and  family  fissural  patterns  which  would  be 
quite  as  true  to  nature  as  many, which  are  annually  published  upon 
this  or  other  departments  of  Comparative  Anatomy,  but  they 
might  be  controverted  by  other  specimens  or  even  by  the  other 
halves  of  the  same.  The  greater  complexity,-  both  from  secondary 
fissures  and  from  contortions  of  the  primary  fissures,  which  pre- 
vails with  the  brains  of  most  Herbivora^  is  an  a  fortiori  argument 
against  making  the  attempt  to  determine  their  fissural  patterns 
before  the  Cai'uivora  are  disposed  of.  After  a  pretty  careful  study 
of  the  specimens  and  works  at  my  command,  I  feel  justified  in 
asserting  that  we  cannot  as  yet  characterize  the  fissural  pattern 
of  any  mammalian  order,  family,  genius  or  even  species  without 
the  risk  that  the  next  specimen  will  invalidate  our  conclusion ; 
that  our  studies  in  this  direction  should  be  based  upon  the  careful 
comparison  of  accurate  drawings  of  a  much  larger  number  of  spec- 
imens than  now  exist  in  any  museum ;  that  nearly  allied  forms 
of  Camivora  should  be  copipared  ;  and  that  the  most  satisfactory 
results  are  obtainable  from  large  series  of  foetal  and  young  brains 
of  the  same  species,  and,  if  possible,  family  and  sex,  in  order  to 
eliminate  minor  differences. 

Addendum  on  the  Lion's  Brain.  The  kindness  of  Mr.  Lee 
Powell^^  has  just  enabled  me  to  prepare  the  brain  of  a  young 
African  lion,  seven  and  one-half  months  old ;  the  left  hem- 
isphere is  here  figured  (fig.  19)  for  comparison  with  the  Asiatic. 
The  most  striking  difference  is  in  the  great  development  of  the 
temporal  lobe  (the  postsylvian  region),  which  not  only  projects 
laterally  more  than  in  the  other,  but  also  forward  over  the  region 

**  or  RobinBon'8  Circus  and  Menagerie, Utica,  N.  Y. 
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just  in  fW>nt,  so  as  partly  to  cover  it  and  ni(ike  the  ventral  portion 
of  the  sylvian  coincide  with  the  ventral  branch  of  the  ectosylviatij 
(£s.)  ;  the  frontal  region  is  less  prominent,  and  the  outline  of  the 
cerebellum  is  quite  different.  In  the  Asiatic  lion  the  left  coronal 
is  wholly  independent;  likewise  the  right  coronal  of  the  Af- 
rican ;  but  the  right  of  the  former  joins  the  lateral^  which  is  the 
usual  arrangement,  while  the  left  of  the  latter  joins  the  supersyl- 
vian  in  a  similar  fashion.  Other  differences  might  be  pointed  out 
both  between  the  two  brains  and  the  two  halves  of  each ;  but  it 
seems  to  me  that  these  alone  are  enough  to  make  us  hesitate  from 
basing  a  diagram  (of  the  fissnral  pattern  of  this  species  upon  any 
such  number  of  specimens  as  are  likely  to  be  found  in  any  museum ; 
while  the  same  peculiarities  present  almost  insuperable  obstacles 
to  a  recognition  of  particular  folds  as  organs  of  special  mental 
faculties  separated  by  certain  fissures. 

[The  figures  illustrating  this  paper  are  given  in  the  plates,  be- 
tween pages  248  and  249,  and  their  explanation  will  be  found  on 
page  249.] 


Cerebral  Variation  in  Domestic  Doqs,  and  its  Bearing  upon 
Scientific  Phrenology.  By  Burt  G.  Wilder,  of  Ithaca, 
N.  Y. 

The  following  observations  are  based  upon  the  careful  study  of 
thirty-two  dogs'  brains,  representing  fifteen  to  twenty  breeds. 
There  were  four  of  the  same  family,  a  mother  and  three  children 
of  different  ages ;  two  others  nearly  related  to  them,  and  two  pair 
of  brothers  of  different  ages ;  the  others  are  not  known  to  be  re- 
lated ;  most  of  them  are  supposed  to  be  of  pure  breeds.* 

1  Tiio  flgurcs  referred  to  in  this  paper  are  Included  with  those  of  the  preceding  paper 
in  the  plates  placed  between  pages  S48  and  249. 
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UST  OF  D008'  BRAINS  PRSPARED  AND  DRAWN  BT  MB,  AND  FORUINO  THE 
MATERIAL  UPON  WIIICH  THIS  PAPER  IB  BASED. 


M.C.Z.> 
No. 

Breed. 

Age. 

Sex 

Weight 

Body,  in 
grams.* 

Weight 
Bruin. 

Fig. 

1 

Pomeranian  or  Spitz. 

adolt. 

9 

8,887. 

,068 

.007 

20 

9 
% 

4 

*•     1  children  of 
No.  I,  by  the 

"      >same  father, 
but  of  i  ftepa- 

•«     J  rate  litters. 

6  weeks. 

64  hours. 

9 
9 

1,31B. 

1,006. 

,182. 

,047 
,041 
,008 

.086 
.040 
.060 

21 
22 
28 

215 
216 

«     plater  children 
lof  mother  of 

u      ffkther  above 
j  mentioned. 

3  days. 
8  days. 

9 
9 

,213. 

,247. 

,010 
.011 

.047 
.044 

24 
25 

Eng.  rat  terrier  (small 

blk.  and  tan.) 
Eng.  rat  teiTier  brother 

of  above. 
Spaniel  |  pure. 

at  birth. 

9 

,092. 

,005 

.054 

022 

24  hours, 
at  birth. 

9. 

,081. 
,221. 

,008 
,007 

.099 
.030 

611 
512 

EnjT.  blk.  and  tan  ter- 
rier (small). 
Shepherd. 

6  months, 
young. 

9 

1,320. 
1,052. 

,038 
,055 

.028 
.028 

12,13 

MO 

Shep.  cur  (pt.  terrier?) 

6  weeks. 

9 

2,228. 

,058 

.021 

641 

Mexican  (Chihuahua). 

17  years,  8  mos. 

d 

2,436. 

,060 

.020 

6 

7 

Eng.  teiTier  \ 

>  brothers. 
*•          > 

9mo8. 
3i  years. 

6,800. 
5,300. 

,074 
,069 

.014 
.013 

25 

626 

Italian  greyhound. 

1  year. 

cf 

6.074. 

,067 

.011 

8 

Ital.  greyh'nd  impure. 

adult. 

d" 

4,807. 

,065 

.010 

620 

Spaniel  (large  impure). 

adult. 

<f 

6,158. 

,062 

.010 

636 

Chinese  (hairless). 

9  months. 

<f 

7,026. 

,m 

.010 

1 

608 

Skye  teiTier. 

16  years. 

<f 

7,800. 

,072 

.009 

678 

Hound. 

20  years. 

cf 

22,450. 

,108 

.006 

9 

Setter  (large). 

12  years. 

cf 

25,400. 

,106 

.004 

Newfoundland. 

adult. 

<f 

38.346. 

,120 

.008 

26 

18 

Bull  and  cur. 

12  years. 

cf3 

40,570. 

,126 

.008 

St.  Bernard. 

With  seven  others  the  n 

old. 
scord  of  which  is 

9 
mor 

40,820. 
i  or  less  in 

,098 
aper/iect 

.002 

25 

No.  7  was  not  weighed ;  he  was  slighter  in  form  than  No.  6, 
but  the  weights  are  assumed  to  be  equal ;  the  "  fresh  weight "  of 
the  brain  is  computed  by  forming  a  proportion  with  another  brain 

*  This  is  the  number  on  the  Catalogue  of  preparations  of  Domesticated  Animals  in 
the  Museum  Corap.  Zool. 

'  Castrated  at  about  six  years  old. 

«For  unifoi-mity,  a/uU  stop  is  placed  after  the  number  of  grams  (tbe  unit  of  weight), 
and  a  comma  after  the  number  of  kilograms  (1000  grams). 
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of  nearly  equal  weight  when  hardened,  but  the  fresh  weight  of 
which  was  also  known :  as  to  the  weight  being  greater  than  that 
of  the  older  brother's  brain,  I  can  onlj  adduce  the  greater  mental 
and  ph^'sical  activity  which  it  displayed. 

The  brains  of  dogs  are  by  no  means  common  in  museums,  and 
figures  of  them  are  even  more  rare,  partly,  perhaps  because  the 
very  commonness  of  the  species  induces  delay  in  its  examination,^ 
but  partly,  I  am  inclined  to  think,  ft'om  a  notion  that  since  they 
are  all  called  dogs,  there  can  be  no  great  anatomical  differences 
between  them.  Yet  aside  from  any  question  of  their  origin  from 
different  specific  forms  of  feral  Canid(B^  the  fact  is  patent  that  our 
various  breeds  of  dogs  differ  among  themselves  in  respect  to  size, 
color,  form  and  habit  far  more  than  would  be  required  for  the  dis< 
crimination  of  species  among  wild  animals ;  and  there  have  not 
been,  so  far  as  I  am  aware,  any  investigations  to  show  whether,  or 
not,  these  external  distinctions  coexist  with  structural  peculiarities. 

It  had  long  been  my  wish  to  undertake  such  an  inquiry ;  and 
the  liberality  of  Prof.  Agassiz,  in  authorizing  me  to  make  for  the 
Museum  of  Comp.  Zoology  a  collection  to  illustrate  the  neurology 
and  embryology  of  domesticated  animals,  has  afforded  me  the 
means  of  commencing  the  investigation. 

The  table  of  absolute  weights  of  brain  and  its  ratio  in  thou- 
sandths to  the  whole  body  is  mainly  confirmatory  of  the  general 
rule  that  young  mammals  have  proportionally  larger  brains,  and 
that  the  smaller  species  and  varieties  in  like  manner  excel  the 
larger ;  but  the  difference  between,  for  instance,  a  little  tan  terrier 
and  a  Newfoundland  is  something  prodigious,  as  seen  by  the  fol- 
lowing selected  table,  where  the  large  dogs  are  represented  by  the 
Newfoundland,  the  medium  sized  by  the  English  terrier  (common 
size)  and  the  small  and  young  dogs  by  the  small  terrier  and  young- 
est Pomeranian. 


No. 

•  Variety. 

Age. 

Body. 

Brain. 

Ratio. 

i 

Pomeranian. 

Mhrs. 

,138. 

,008. 

MO 

8 

Eng.  terrier  (email). 

6mo0. 

1,3M. 

,088. 

.088 

7 

"      (large). 

3iyrs. 

6,300. 

,009. 

.013 

Newfonndland. 

adult. 

88,845. 

,180. 

.003 

*  As  the  house  fly  and  mosquito  are  seldom  among  the  first  captai'es  of  the  entomol- 
ogiBt. 
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Generalizations  like  the  above,  and  others  which  might  be  made 
respecting  the  ratios  at  different  ages,  in  the  two  sexes  and  in 
%'ariou8  breeds,  are  evidently  provisional  until  we  have  a  mach 
larger  mass  of  material. 

I  would  add  that  measurements  were  taken  of  the  intestines ; 
the  capacity  of  the  stomach  and  coecum  was  recorded  and  all 
viscera  were  weighed,  so  that  I  shall  at  some  future  day  be  able  to 
present  some  statistics  respecting  them,  and  also  respecting  the 
degree  of  variations  in  the  form  of  the  stomach  and  coecum,  of 
which  many  specimens  are  preserved,  inflated,  either  at  Ithaca  or 
in  Cambridge.  This  is  the  case  also  with  all  the  other  mammals 
here  mentioned. 


TABUB  SHOWING  THB  BATIO  OF  BRAIN  AND  BODY  WBI0UT8  07  A  FKW 
MAMMAUB,  CHIBFLT  CARNIVORA* 


N 

0 
a 

Scientlllo 
name. 

Common 
name. 

Age. 

Weight 
of  body. 

Brain 

Ratio. 

it 

577 

Macacus? 

White  foced. 

5yrs. 

cf 

2,939. 

,082.5 

.028 

Vulpes  nil?a8. 

Bed  fox. 

adult. 

$ 

2,918. 

,047. 

.016 

.073 

030 

Canie  lupus. 
Canis  famUIaris. 

Gray  wolf. 

See  special 
table. 

i  days  a.  p. 

,400. 

,009. 

.019 

Felis  catns  dom. 

See  special 
table. 

average  of 
6  adults. 

2,847. 

,027. 

.000 

fi68 

Felisleo. 

Afdcan  lion. 

7i  moB. 

cf 

11,280. 

,102. 

.014 

.117 

IS 

Hysena  vulgaris. 

Striped  hyena. 

old. 

9 

83,770. 

,110. 

.003 

.800 

Mtt 

UrsuB    America- 
nas. 

Black  bear. 

lyr. 

9 

,240. 

.560 

577 

Procyon  lotor. 

Baccoon. 

adult. 

cf 

.    6^. 

.044. 

.006 

.010 

528 

Pntorlus     Nove- 
boracensls. 

Weasel. 

nearly 
grown. 

,100. 

.006. 

.060 

188 

EqnuB  caballuB. 

Mare. 

Uyrs. 

9 

,684. 

379 

»<          <i 

t< 

adult. 

9 

,697. 

175 

((          <t 

Horse. 

adult. 

cf 

,680. 

S47 

4<                     fi 

Colt. 

at  term. 

cf 

,861. 

354 

u               <t 

II 

? 

15,988. 

,190. 

.012 

825 

Bos  tanrus. 

Durham  bull. 

2  yrs. 

cf 

590,000. 

,337. 

.0006 

537 

Cainelas   bactrfa- 

DUB. 

Camel. 

? 

? 

299,813. 

,616. 

.0026 

1.247 

In  comparing  the  weight  of  the  brain  with  that  of  the  flexors  of 
the  lower  jaw  (temporals  and  maaseters)  we  find,  for  instance,  that 
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the  jaw  muscles  are  about  eight  times  heavier  in  a  hyeena,  four 
times  in  a  Newfoandland,  twice  in  a  bear,  a  fox,  and  camel,  but 
the  same  weight  in  a  tan  terrier,  while  in  tlie  young  lion  (552) 
they  are  only  about  two-thiixls  the  weight  of  the  brain,  although 
this  ratio  must  alter  greatly  as  the  animal  grows  older. 

TABLB  OF  TWENTT-THREB  DOMESTIC  GATS. 


M.C.Z. 

Variety. 

Age. 

Sex. 

Body. 

Brain. 

Rati  o. 

»0 

Common  ?"] 

17  days. 

<f 

,180. 

,013. 

.07» 

219 

*<             same  Utter. 

M 

(f 

,282. 

,013. 

.049 

318 

« 

« 

$ 

,250. 

,018. 

.052 

223 

u 

6  days. 

? 

,128. 

,018. 

.063 

40 

tt 

3  days. 

? 

,080. 

.004. 

.050 

88 

t« 

at  birth. 

9 

,110. 

,005.6 

.050 

89 

«*          (sister  of  87). 

36hr8. 

9 

,075. 

,004.6 

.047 

87 

*< 

12  hrs. 

<f 

,092. 

,008.6 

.038 

642 

Maltese. 

? 

cf 

,580. 

,022.' 

.037 

48 

ti 

23  days. 

cf 

.359. 

,014. 

.039 

25 

"       (In  part). 

? 

9 

,648. 

,021.5 

.033 

24 

«f            4{       it 

2mo8. 

? 

.800. 

.025. 

.031 

34 

Common. 

3  days. 

9 

.099. 

,003. 

.030 

610 

Maltese  (In  part). 

? 

9 

,963. 

,023. 

.024 

26 

f< 

? 

^ 

1,770. 

,026. 

.015 

32 

Common. 

adnlt. 

9 

1,882. 

,025. 

.013 

u 

(« 

(f 

2,691. 

.031. 

.012 

20 

"       (striped  array). 

young. 

9 

1,912. 

,023. 

.018 

30 

Common. 

? 

9 

2,278. 

,027. 

.012 

23 

K 

adult. 

9 

2,370. 

.028. 

.012 

28 

iC 

<( 

9 

2,978. 

,027. 

.009 

22 

Maltese  (in  part), 

u 

<f 

4,550. 

,031. 

.007 

21 

f(              4(               tt 

M 

cf 

2,712. 

.026. 

.007 

The  following  inferences  may  be  drawn,  provisionally,  from  the 
foregoing  table. 

1 .  The  ratio  of  brain  to  body,  in  the  adult  cat,  is  about  the  same 
as  in  the  adult  dogs  of  the  medium  sized  breeds :  namely,  .007  to 
.015. 
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2.  In  kittens  of  the  same  litter  (as  218,  219,  220  and  37,  39) 
the  brain  weights  are  more  uniform  than  the  body  weights,  and 
the  latter  causes  a  variation  in  the  ratio. 

3.  Although  the  increase  of  the  body  weigJU  is  much  more  rapid 
than  that  of  brain  weight,  when  the  whole  period  of  growth  is  con- 
sidered, yet  a  comparison  of  88, 39,  37, 34,  with  218, 219,  220,  222, 
48,  shows  that  the  brain  must  grow  very  rapidly  during  the  first 
two  or  three  weeks  after  birth  concomitantly  with  the  increase  in 
bodily  powers  and  the  use  of  the  senses. 

A  comparison  of  2  and  4,  among  dogs,  looks  the  same  way ; 
and  in  both  cats  and  dogs,  it  will  he  remembered  that  the  forma- 
tion of  fissures  proceeds  very  rapidly  during  the  earlier  days. 
With  pigs,  calves  and  colts,  on  the  other  hand,  I  have  found  the 
fissures  already  deep  and  numerous  long  before  birth,  and  it  will 
be  interesting  to  contrast  the  relative  increase  of  brain  and  body 
weights  in  the  Carnivora  and  Primates  which  are  born  helpless, 
and  the  Herbivora^  which  are  in  fuller  possession  of  their  faculties 
at  birth. 

General  Form. — Some  dogs'  brains  are  high  and  rounded,  while 
others  are  low,  long  and  narrow  in  front ;  of  the  latter  type  are 
those  of  setters,  Newfoundlands  (Fig.  26),  St.  Bernards,  shepherds 
and  bull  dogs ;  in  all  of  these  the  olfactory  lobes  are  visible  for 
about  half  their  extent  when  the  brain  is  seen  from  above  but  they 
are  wholly  concealed  by  the  hemispheres  in  the  Pomeranians  (Fig. 
20),  greyhound  (Fig.  16)  and  terriers  (black  and  tan,  Fig.  12),  the 
Chinese  and  Chihauhau  dogs  ;  and  between  the  two  groups  come 
the  bull  terrier  and  skye  terrier. 

In  the  fox  and  wolf  the  brain  is  narrow  and  low  in  front,  but 
in  the  lion  it  is  rather  high ;  while  in  the  domestic  cat,  though  low, 
the  frontal  region  is  very  broad  ;  evidently,  however,  it  is  not  easy 
to  discriminate  between  the  effect  of  large  size  of  a  certain  region 
and  the  relatively  small  size  of  an  adjoining  one,  and  it  must  be 
remembered  that  in  all  very  young  dogs'  brains  the  olfactory  lobes 
are  hidden,  but  this  is  probably  from  their  own  undeveloped  con- 
dition. 

The  greater  prolongation  of  the  olfactory  lobes  and  of  the  ad- 
joining region  of  the  cerebrum,  in  front  of  the  presylvian^  which 
general  I}'  prevails  in  the  larger  dogs  at  least,  as  compared  with 
the  Felidoe^  might  be  held  to  indicate  their  superior  power  of  scent ; 
but  this  proves  nothing  resi)ecting  any  mental  faculty. 
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The  above  table  is  in  no  way  intended  as  an  index  of  the  zoo- 
logical or  psychological  relations  of  the  several  animals,  but  as  a 
single  proof  of  the  impossibility  of  basing  generalizations  respect- 
ing groups  upon  one  or  even  several  individuals ;  for  in  respect  to 
an  element  of  brain  form  which  might  naturally  be  noted  in  any 
attempt  at  characterization,  there  is  nearly  as  much  difference 
between  two  dog  varieties  as  betwen  two  Feline  species,  or  be- 
tween the  cat  and  the  terrier. 

FissuBAL  CoMPLKXiTT. — There  must  he,  of  course,  a  limit  to 
the  depth  of  fissures  (or  to  the  elevation  of  folds),  although  we 
have,  as  yet,  no  means  of  ascertaining  the  nature  of  the  limitation, 
nor  whether  it  is  uniform  in  all  brains ;  but  supposing  it  to  be 
equal  in  two  given  cases,  it  is  evident  that  a  larger  number,  or 
length,  whether  of  branches  or  secondary  fissures,  indicates  a  cor- 
res|)ondingly  larger  amount  of  gray  matter ;  and  this,  supposing 
its  quality  to  be  equal  in  the  two  cases,  indicates  a  greater  amount 
of  brain  power. 

1.  Now  the  cerebral  mass  is  capable  of  expending  nerve  force 
in  three  directions,  which  are  ideally  distinct,  at  ^least  in  their 
purpose,  but  practically  linked  together  in  most  cases. 

1.  Physical, )  ^^^  ^jj^  individual. 

2.  Mental,     ) 

8.  Sexual,  for  the  species. 

At  present  we  have  no  way  of  ascertaining  from  the  brain  alone, 
whether  its  peculiarities  relate  to  greater  mental,  physical,  or 
sexual  power. 

We  would  naturally  account  for  the  more  numerous  fissures 

of  dogs,  as  compared  with  the  feral  Canidoe  upon  the  ground  of 

•A  /iiU  stop  is  placed  after  the  place  for  the  namlier  ofmeten  (the  unit  of  measure), 
and  a  comma  after  the  millimeters  (thousandths  of  ameter). 
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their  higher  mental  capacity ;  and  upon  this  ground  must  be  ex- 
plained the  somewhat  remarkable  fact  that  the  brain  of  an  adult 
Pomeranian  female  (Fig.  20)  has  fewer  fissures  than  that  of  her  five 
weeks  old  pup  (Fig.  21)  ;  for  the  father  was  a  trained  dog,  while 
the  mother  was  comparatively  unintelligent. 

But  the  wolf,  according  to  Gervais'  figure,  has  more  secondary 
fissures  than  the  fox,  and  this  must  be  accounted  for  by  its  greater 
physical  power. 

Perhaps  this  is  also  the  explanation  of  the  great  fissural  com- 
plexity of  the  young  lion,  as  compared  with  the  adult  cats  or  even 
most  dogs ;  but  Professor  Agassiz  has  suggested  to  me  that  the 
greater  power  indicated  by  the  condition  of  the  lion's  cerebrum 
may  be  connected  with  its  prodigious  virility^  the  complete  sexual 
act  having  been  performed  nine  times  in  an  hour,  under  his  obser- 
vation, and  the  same  rate  having  been  maintained  during  at  least 
two  successive  nights. 

In  a  young  lion's  brain  (Fig.  19)  the  depth  of  the  supersylman 
fissure  is  at  least  one-half  the  thickness  of  the  hemisphere  at  that 
point  and  in  its  plane ;  while  in  an  adult  cat's  brain  the  depth 
was  only  one- fourth,  and  in  a  dog's  about  one-third  ;  all  the  other 
fissures  were  very  deep  in  the  lion,  and  the  layer  of  gray  matter 
very  thick. 

I  hope  to  make  a  careful  measurement  of  several  dogs'  brains, 
according  to  the  method  adopted  by  Wagner,  with  such  suggestive 
results. 

2.  There  are  individual  variations  among  the  adults  which  do 
not  affect  the  presence  or  relative  position  of  main  fissures,  but 
their  length,  direction,  branches,  connections  and  continuity,  and, 
by  inference,  the  manner  of  their  formation ;  these  variations 
enable  us  to  recognize  any  brain  and  may  in  some  cases  approxi- 
mate them  to  other  carnivorous  families.'^ 

8.  The  two  sides  of  the  same  brain  present  just  such  variations 
as  those  above  described  between  different  individuals. 

The  few  instances  cited  show  to  what  extent  this  variation  may 
exist ;  so  great  is  it,  indeed,  that  I  do  not  think  it  possible  to 
*'  mate  "  two  hemispheres  by  their  fissural  pattern  alone,  without 
taking  into  account  the  similarity  of  size,  or  general  form. 

T  The  resemblnncc  of  the  tetotylvian  flsBure  of  certain  clogs  to  that  of  the  cats  Is  re- 
ferred to  in  the  preceding  paper. 

The  number  of  specimens  is  not  yet  large  eoough  to  Justify  any  infereqce  respecting 
the  sexual  peculiarities  of  brains. 

A.   A.  A.  S.   VOL.  XXII.     ».  (16) 
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4.  There  are  resemblances  between  brains  of  the  same  breed^ 
which  lead  us  to  suspect  the  existence  of  a  uniform  modification 
of  the  general  pattern  for  different  breeds. 

This  is  noticeable  in  the  Pomeranian  series ;  but  in  the  first 
place  some  other  brains  show  the  same  tendency  of  the  ectoaylvian 
to  join  the  sylvian^  and  in  the  second  place  the  near  relationship 
of  all  the  younger  dogs  to  the  single  adult  prevents  our  knowing 
how  far  the  resemblance  is  one  o^  family  and  how  far  of  breeds  in 
general. 

The  same  doubt  exists  respecting  two  tan  terrier  brothers  (6 
and  7)  whose  braina  are  similar,  especially  since  they  do  not  par* 
ticularly  resemble  those  of  others  of  the  same  breed. 

5.  All  of  these  dogs'  brains  are  comparable  in  respect  to  the 
fissural  pattern,  both  among  themselves  and  with  the  feral  Canidtz, 

There  is  something  which  leads  even  the  child  to  call  all  dogs 
by  that  name,  whether  they  be  terriers  or  St.  Bernards,  grey- 
hounds or  bull-dogs,  poodles  or  mastiffs ;  just  what  this  feature 
is,  has  not,  so  far  as  I  am  aware,  been  scientifically  described ; 
nor  have  I  any  suggestion  to  make ;  the  case  seems  to  be  similar 
with  their  brains ;  I  do  not  think  I  should  mistake  the  brain  of  a 
dog  for  that  of  any  other  animal,  but  I  cannot  yet  say  upon  what 
grounds,  and  am  by  no  means  sure  that  my  diagnosis  would  be 
correct  in  all  cases. 

But  it  is  evident  that  in  order  to  ascertain  whether  or  not  there 
is  any  peculiar  dog  pattern,  and  If  so,  what  it  is,  a  much  greater 
amount  of  material  is  required  than  is  now  accessible. 

:  If  nothing  else,  I  have  at  least  shown  that  no  fissural  pattern 
involving  several  fissures  can  be  correctly  known  from  the  exam- 
ination of  a  single  brain,  much  less  one  side  of  such  brain.  The 
collection  at  Cambridge  is  very  large  as  compared  with  that  of 
mo^  museums,  but  far  too  small  for  any  final  conclusions.  I 
merely  venture  to  express  the  hope  that  when  we  are  able  to  com- 
pare say  twenty-five  brains  of  the  same  breed  of  dog,  we  may  be 
reasonably  sure  what  are  its  cerebral  characteristics,  an<l  probably 
several  hundred  specimens  will  be  required  to  demonstrate  the  es- 
sential features  of  the  dog's  fissural  pattern  as  contradistinguished 
from  all  other  Canidce. 

The  immense  cost  of  such  a  collection  raises  the  question  of  the 
value  of  the  result,  and  this  is  only  part  of  a  general  question 
not  sufiQciently  considered  when  scientific  inquiries  are  begun. 
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If  a  thing  is  to  be  done  at  all,  it  can  be  accomplished  far  more 
completely  and  economically  by  one  person  or  one  institution 
than  by  several  working  separately  or  at  different  periods.  I 
would  therefore  ask  members  of  the  Association  to  bear  me  in 
mind  when  they  have  or  know  of  a  dog  of  pure  blood  and  well 
known  character,  which  has  outlived  its  usefulness;  a  careful 
transportation  and  death  by  chloroform  will  obviate  distress  on 
the  pai*t  of  both  the  animal  and  its  master. 

The  Belation  op  these  Variations  to  Scientific  Phrenol- 
ogy.®— In  using  the  phrase  ^'scientific  phrenology"  I  place  myself 
between  two  fires ;  for  the  professional  phrenologist  claims  that 
all  phrenology  is  scientific,  while  many  scientists  deny  the  com- 
patibility of  the  terms.  Let  it  be  understood  then,  that  I  use 
phrenology  in  a  general  sense,  and  to  avoid  coining  a  new  word, 
to  indicate  the  study  of  the  brain  as  an  organ  of  the  mind  ;  and, 
further,  that  I  am  not  in  the  least  biassed  by  the  views  of  others, 
but  am  trying  to  learn  the  truth  by  a  new  method  of  investiga- 
tion. In  justice  to  myself  also,  it  is  right  to  state  that  I  speak 
as  an  anatomist  and  not  as  a  physiologist,  much  less  as  a  psy- 
chologist.  With  all  due  respect  for  the  latter  classes  of  investi- 
gators, I  believe  that  they  have  been  hitherto  building  upon  very 
slight  foundations,  and  that  an  immense  deal  of  hard  work  in  the 
way  of  anatomical  comparison  must  be  done  before  they  can  be 
sure  of  the  grounds  upon  which  their  experiments  and  conclusions 
can  be  based.  Further,  I  hold  that  most  of  the  facts  already  at 
hand  are  not  of  the  right  sort ;  and  that  we  have  begun  at  the 
wrong  end  and  in  the  wrong  way  in  our  efforts  to  correlate  brain 
and  mind. 

Mental  Associations  of  parts  of  the  Brain  MAss.-^onr 
methods  may  be  employed  in  order  to  ascertain  the  mental  associ- 
ations of  parts  of  the  brain  mass : 

1.  The  Phrenological.  The  skull  was  accepted  as  an  index  of 
the  form  of  the  brain,  and  a  certain  number  of  cases  of  corres- 
pondence between  cranial  forms  and  marked  characters  Y^ere  held 
to  demonstrate  the  locality  of  mental  faculties  and  propensities. 

^Thifi  phrase  Is  used  by  Gerrais  (Nonvelles  Archives  da  Museum,  tome  tI,  PI.  9, 
Fig.  2).  This  author  gives  adrairnble  lithographs  of  many  brains  and  moulds  of  the 
cranial  cavity,  and  suggests  the  value  of  a  comparison  of  carnivorous  brains,  for  the 
advaocement  of  <*8clentillc  phreuology." 
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That  this  method  is  not  satisfactory  appears  from  the  following 
coDsiderations. 

a.  No  definite  and  constant  correspondence  whatever  exists  be- 
tween folds  and  fissures  of  the  brain  and  the  outer  cranial  surface. 

b.  Several  important  faculties  are  located  over  the  frontal  air 
sinuses,  as  pointed  out  by  Dr.  Cleland,  from  whom  the  accom- 
panying figure  (Fig.  27)  is  copied.^ 

IMDIVIPIIALtTY  t|2t 

^WCIQHT 
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c.  No  phrenologist  has  ventured  to  draw  the  accepted  map  of 
mental  faculties  upon  the  surface  of  the  brain  itself;  and,  from 
what  we  have  learned,  it  is  certain  that  what  would  fit  one  side 
would  not  fit  the  other. 

d.  No  allowance  is  made  for  the  extensive  sheet  of  gray  matter 
which  covers  the  mesial  surfaces  of  the  hemispheres,  and  which, 
so  far  as  has  been  shown,  differs  in  no  way  from  the  rest. 

6.  To  all  appearance,  the  gray  matter  forms  a  continuous  sheet, 
which  may  be  more  or  less  folded  in  the  adult  but  was  perfectly 
even  at  an  earlier  stage.*® 

/.  By  the  failure  (in  several  ca^^es,  though  one  is  enough)  on  the 
part  of  the  most  expert  phrenologist  to  determine  correctly  the 
character  of  an  individual  by  examination  of  the  head.** 

2./rhe  Pathological.  By  comparing  cerebral  lesions  with  men- 
tal manifestations  observed  during  the  life  of  the  individual 
This  is  at  present  unsatisfactory,  because  : 

•The  lingering  admirers  of  Phrenology.    Popular  Science  Review. 

lOTbiB  is  perhaps  not  so  conclubive  an  objection  as  might  at  first  appear:  for  the 
present  non-recognition  of  lines  of  demarcation  is  no  proof  of  their  non-existence; 
and  the  experiments  of  tenier  and  others  seem  to  demonstrate  something  like  a  locali- 
zation of  power  in  respect  to  muscular  <iction;  this,  however,  would  not  seem  to  re- 
quire the  same  circumscription  of  area  as  m  tlie  case  of  distinct  mental  faculties. 

*»My  views  in  respect  to  phrenology  arc  given  in  "The  Tribune  Extra,"  No.  3,  and 
my  personal  experience  in  "The  Ithaca  (N.  Y.)  Democrat"  for  Jan.  29, 1873.  They  will 
shortly  appear  in  a  republication  of  the  lecture  above  referred  to  in  the  * 'Half-Hour*' 
series  of  Messrs.  £btes  and  Lauriat. 
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a.  It  has  failed  of  absolute  demonstration  in  respect  to  an  ap- 
parently single  organ,  the  cerebellum,  for  Dr.  Hammond  accepts 
neither  the  view  of  Flourens  that  it  coordinates  muscular  action, 
nor  that  of  Spurzheim  that  it  is  connected  with  sexual  feeling, 
and  concludes  that  it  has  no  special  function.^^ 

b.  The  large  number  of  cases  in  which  aspasia  coexisted  with 
lesions  of  a  tolerably  definite  region  of  the  left  hemisphere  has 
not  yet  convinced  the  highest  authorities  that  the  mental  faculty 
of  language  is  there  situated. 

c.  There  is  reason  to  suppose  that  peculiar  mental  conditions 
may  exist  where  no  cerebral  lesion  is  recognizable,  and  that  lesions 
may  exist  without  mental  disturbance. 

d.  Finally,  Brown-Sequard  concludes  "from  the  study  of  every 
symptom  of  brain  disease,  that  all  parts  of  the  brain  may,  under 
irritation,  act  on  any  of  its  other  parts,  modifying  their  activity, 
so  as  to  destroy  or  diminish,  or  to  increase  and  morbidly  to  alter 
it."»3 

3.  The  Experimental.  This  has  been  introduced  by  Fritsch  and 
Hitzig,  Beaunis  and  Nothnagel,^'*  who,  by  galvanic  or  chemical  irri- 
tation or  destruction  of  certain  cerebral  regions  of  dogs,  have 
demonstrated  the  existence  therein  of  centres  of  action  for  dif- 
ferent sets  of  muscles.  This  method  promises  great  results,  but 
it  may  involve   injury  and  abnormal  action,  and  thus  far  has 

*3  Qaart.  Joarn.  of  Psychological  Medicine,  April,  1869. 

^On  the  mechaniem  of  production  of  symptoms  of  diseases  of  the  brain,  Archives  of 
Scientific  and  Practical  Medicine,  yol.  i,  p.  117. 

In  this  connection  tlie  following  conclusions  of  Brown-Sequard  (which  I  have  hat 
lately  seen  in  the  original,  Feb.,  1874)  are  of  great  significance :  '*  An  immense  variety 
of  symptoms  in  different  individuals  may  bo  caused  by  a  lesion  in  one  and  the  same 
part  of  the  brain ;  and  the  same  symptoms  may  result  from  the  most  various  lesions." 
Archives  of  Scientific  and  Practical  Medicine,  March,  1873,  p.  259. 

The  above,  together  with  the  decided  disbelief  in  the  correctness  of  the  generally 
accepted  views  of  nervous  physiology,  which  are  elsewhere  in  the  same  Journal  ex- 
pressed by  the  snme  high  authority,  should  lead  us  to  be  cautious  in  our  deductions 
from  any  single  series  of  observations. 

"FRiTStiH  Asb  HiTZiQ.— Ueber  die  electrisclie  Erregbarkeit  des  Grosshims.  Archiv 
fUr  Aoatomie,  Physiologic  nnd  wissenschaftliche  Medecin,  1870,  p.  300. 

UiTZio.—  Ueber  die  beim  Galvanisiren  des  Kopfes  entstehenden  StOrungen  der  Mus. 
kclinnervation.    Archiv  rUr  Annt.  Physiol,  und  wissenschartiiche  Medicin,  1871,  p.  716. 

Weitere  Untersuchungen  zur  Physiologic  des  Gehirns.    Do.,  1871,  p.  771. 

Bbaunis.—  Note  sur  I'application  des  injections  interstitielles  k  I'^tude  des  fonctions 
des  centres  nerveux.    Gazette  M^dicale  do  Paris,  1873,  Nos.  30-31. 

NOTHNAGEL.—  Intorstitielle  Injectionen  In  die  Himsubstanz.  Centralblatt  fUr  die 
med.  Wissensclml ten,  1872,  page  706. 

Experimentelle  Untersuchungen  liber  die  Functioneni  des  Gehiiiis.  Virchow's 
Archiv,  1873,  p.  184. 

The  above  references  are  taken  f^om  Prof.  H.  P.  Bowditch's  excellent  report  on 
Physiology,  Boston  Med.  and  Surg.  Journal,  July  17, 1873,  p. 79. 
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shown  only  a  connection  between  cerebral  substance  and  miLScular 
organs^  not  of  brain  and  mind. 

The  above  method  has  been  later  employed  by  Ferrier,^*  who, 
however,  used  faradic  instead  of  galvanic  electricity. 

Dr.  Ferrier*8  results  are  interesting  in  the  highest  degree,  and 
it  is  only  to  be  regretted  that  he  has  not  at  once  published  a  dia- 
gram of  a  brain,  so  that  all  may  know  to  what  parts  he  refers  in 
his  description. 

It  is  worthy  of  note  that  in  the  following  expression  he  jumps 
at  no  conclusions  respecting  the  localization  of  mental  faculties. 

**  There  is  reason  to  believe  that,  when  different  parts  of  the 
brain  are  stimulated,  ideas  are  excited,  but  it  is  difficult  to  say 
what  the  ideas  are.  There  is,  no  doubt,  a  close  relation  between 
certain  muscular  movements  and  certain  ideas." 

But  the  results  of  such  experiments  can  hardly  be  accepted  as 
indicative  of  the  localization  of  mental  faculties  in  the  human 
brain,  or  that  of  any  animal  than  the  one  experimented  upon,  un- 
til it  is  shown  that  homologous  folds  exist  in  both  ;  and  even  then 
the  fact  that  the  same  faculty,  for  instance,  combat iveness^  is  man- 
ifested by  a  dog  with  its  jaws,  by  a  horse  with  his  hind  legs,  by  a 
bull  with  his  horns,  and  by  human  beings,  with  hand  or  foot,  or 
only  with  tongue,  renders  the  practical  phrenological  application 
a  very  difficult  one.  The  following  suggestion  was  made  by  me  a 
year  ago  (lecture  on  the  brain  above  referred  to). 

^^  To  apply  galvanic  stimulus  to  the  supposed  organs  of  promi- 
nent and  distinct  faculties,  either  indirectly,  through  the  skull,  or 
directly,  in  cases  of  accident ;  perhaps  it  is  not  too  much  to  sug- 
gest that  the  experimentum  cnicis  could  be  tried,  if  an  enthusiastic 
believer  would  allow  himself  to  be  trephined,  through  a  few  pro- 
tuberances. We  could  then  witness  the  manifestation  of  friend- 
ship or  combativeness,  as  the  subject  clasped  the  operator  in  his 
arms  or  planted  a  blow  between  his  ej^es. 

It  cannot  be  denied  that  trephining  is  one  of  the  perilous  oper- 
ations, but  a  healthy  man  would  have  a  fair  chance;  a  criminal 
would  do  well  to  accept  the  risk  in  case  of  possible  slow  strangu- 
lation, and  should  he  die  during  the  operation,  it  would  merely 
anticipate  by  a  score  of  years  the  method  of  execution,  namely, 

"  Fekbier. —''Experimental  Kesearchcs  in  Cerebral  Physiology  and  Patholojry.** 
Britltfli  Medical  Jonronl.  April  2«,  1872.  Also:  •'  A  new  nietliod  with  the  brain;"  read 
beiore  British  ABBociation  lor  Advancement  oi  Science*  1873,  and  printed  in  *'  Nature/' 
and  iu  "  Popular  Science  Monthly  "  for  Dec,  187:). 
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by  an  overdose  of  chloroform,  to  which  I  believe  we  shall  be  com- 
pelled to  resort,  in  the  interests  of  decency,  humanity,  and  even 
artistic  eflTect." 

But  while  convinced  that  this  method  of  investigation  will  throw 
great  light  upon  the  question  of  the  correlation  of  brain  and  mind, 
I  am  by  no  means  confident  tliat  it  will  demonsti-ate  the  localiza- 
tion of  mental  faculties  in  certain  cerebral  folds.  On  the  contrary, 
although  satisfied  that  my  present  material  is  too  small  for  final 
conclusion,  I  am  more  and  more  inclined  to  think  that  a  cerebral 
hemisphere  acts  as  a  unit,  either  singly  or  with  its  fellow ;  that, 
other  things  being  equal,  a  greater  number  and  depth  of  fissures 
indicate  a  greater  mental  or  bodily  power,  and  that  the  actual 
number  of  the  fissures  has  only  a  general  functional  significance^ 
analogous  to  cods  of  intestine^  or  corrugations  of  mucous  membranes; 
but  that  like  these,  or  like  the  peculiar  turns  of  horns  and  the  ar- 
rangement of  turbinated  bones,  their  arrangement  in  what  is  called 
the  fissural  pattern  may  be  fairly  accepted  as  indications  of  zoolog- 
ical relationship^  more  and  more  less  remote.  The  extent  of  their 
value  in  this  regard  must  be  ascertained  by  much  more  extensive 
comparison  than  has  been  made. 

4.  Cyno-phrenology.  The  method  here  advocated  is,  in  theory, 
that  of  the  phrenologists,  but  its  practice  differs  therefrom  in  two 
important  respects:  a.  In  employing  the  brain  itself  for  com- 
parison, in  using  large  numbers,  in  comparing  the  two  sides,  and 
in  keeping  the  brains  for  such  study  as  is  impossible  from  figures. 
&.  In  employing  not  human,  but  canine  brains,  upon  the  grounds 
of  thejr  simpler  fissural  pattern,  their  smaller  size,  and  cone  - 
quent  easier  preservation  in  large  number,  and  the  possibility  of 
an  accurate  acquaintance  with  the  mental  characteristics  of  the 
dogs.  At  present  we  are  well  acquainted  with  the  natures  of  our 
family,  our  friends,  and  of  public  men  ;  their  brains  are  rarely  at 
our  disposal  for  scientific  investigation  ;  so  we  study  the  brains  of 
paupers  and  uncultivated  persons  whose  characters  are  known  to 
us  either  not  at  all  or  very  imperfectly.  With  dogs,  the  brain  and 
the  mind  of  the  same  individual  are  at  our  disposal ;  while  lateral, 
epochal,  individual  and  sexual  variations,  together  with  those  ap- 
pertaining to  families  and  breeds,  may  be  more  easily  observed 
and  separated. 

I  have  records  of  the  habits  and  disposition  and  mental  attain- 
ments of  several  dogs,  but   the   material   is   far  too   slight  for 
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anything  like  a  scientific  deduction.  I  even  hesitate  to  associate 
the  great  width  of  the  supersylvian  fold  of  a  bulldog,  with  his 
fighting  powers,  for  his  disposition  was  gentle  enough. 

Even  Distribution  of  Fissures. —  I  cannot  help  thinking  that 
at  least  one  of  the  elements  of  the  fissural  pattern  is  the  subdivi- 
sion of  the  surface  into  approximately  equal  areas.  This  is  best 
demonstrated  by  projecting  the  surface  of  a  hemisphere  upon 
a  plane.  But  the  only  brain  on  which  I  have  as  yet  done  this 
is  less  satisfactory  than  I  expected  ;  and  I  shall  hope  hereafter  to 
offer  sections  of  the  hemispheres  which  will  better  indicate  both 
the  distance  between  the  fissures  and  their  depth. 

If  particular  folds  are  the  organs  of  either  mental  faculties  or 
distinct  groups  of  muscles,  and  if  as  such  organs  they  are  circum- 
scribed by  the  intervening  fissures,  then  how  can  we  explain  the 
following  facts? 

1.  That  these  folds  are  generally  continuous  around  the  ends  of 
the  intervening  main  fissures. 

2.  That  even  where  "  islands  "  are  formed  by  the  extension  of 
branches  or  by  secondary  fissures,  there  was  a  time  when  these 
surfaces  were  continuous  upon  the  same  level. 

8.  That  no  one  has  yet  demonstrated  any  structural  lines  of  de- 
marcation corresponding  to  the  fissures. 

4.  That  there  may  be  differences  between  the  two  halves  of  the 
same  brain  equal  to  or  even  greater  than  those  which  distinguish 
individuals  or  even  species. 

The  zoologist  and  comparative  anatomist  would  not  hesitate  to 
call  attention  to  the  greater  or  less  width  of  a  certain  fold,  and 
would  regard  it  as  of  possible  taxonomic  value ;  but  the  cautious 
physiologist  would  certainly  shrink  from  the  inference  that  this 
was  conclusive  proof  of  the  greater  or  less  power  of  certain  mus- 
cles or  mental  faculties ;  and  he  would  be  yet  more  loth  to  infer 
that  the  apparent  obliteration  in  many  dogs  of  the  posterior  leg 
of  the  front  or  lowest  fold  (which  in  fox  intervenes  between  the 
sylvian  and  ectosylvian)  indicated  the  absence  of  either  the  mus- 
cles or  the  faculties  which  the  fox  exercises  through  it ;  or  even  to 
infer  that  the  apparent  transfer  of  the  anterior  leg  of  this  fold  in 
hysena,  to  behind  the  sylvian  fissure  indicated  a  real  transfer  of  a 
mental  or  muscular  ^^  organ ;"  although,  should  the  fissural  ar- 
rangement prove  constant,  it  would  be  unhesitatingly  accepted  as 
of  great  taxonomic  value. 
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Plate  1.    Formation  and  Nomsnclaturi  of  Fissures  in  Carnitora. 
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Fig.  3.    Fox,  F.  yWvMJ.    (f  adult 


OlM.         'R 
Fig.  4.    Fox.  F.  fulvut,    9  (513.) 


Fig.  6.    FoeUl  Wo]r(CanU  occidemtaUs)  : 
four  days  liefore  birth .    (SSU). 
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Fig.  8.  Weasel.   Futoriia  Naveboracettmis. 
Nearly  grown.    (fil8.) 
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Fig.  5.    Fox.    Same  as  4,  projected  on  a  plane. 
(See  page  218,  note.) 


Fig.  1.    AppendioiiUr  lobnle  of  Cerebcl 
lum,  left  side,  of  Chinese  dog.  (p.  217.) 


Fig.  2.  Median  lobe  of  Cerebnllnm  of 
Kitten  (K)  and  Cat  (C).  showing  contorUon 
during  growth,   (page  221.) 
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Bbaiks  of  Htjena,  Bear  and  Raccoon.  Plate  2. 
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Vlg.a,    Hy(Jtna  vulgarU,     9     old.    (12.)    (p.  229.) 


Fig.  10.    'B%hr  \  UrsuB  Americanus.     9  one  year.    (502.)    (p.  231.> 
L  ?  Se  ?  F>«  ? 


Fig.  11.    Raccoon :  Procyon  to<or.   Adult.    (677.)    (p. 226.) 
(I  am  in  doubt  respecting  most  of  the  fissures  in  Urtus  and  Procyon.) 
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Plate  8.  Lateral  Variation  in  Doos  and  Cats. 
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Fig.  12.    SmaU  bl>k  and  tan  Terrier,  9  (leftlside) 

tizmontha.    (Sll.)  Fig.  14.    Toung  Pointer  and  Shepherd,  cf  (14.) 
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Fig.  18.    Same  ai  llg.  12  (right  tide  Mveraed).  ^iR-  lA-   Oat,  half  grown,  cf    (20.) 
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Fig.  17.    Cat,adQlt.    (p.tS2.) 


Fig.  16.   Greyhonnd.  one  year,  cf  (086.)  (p.  828.) 
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Lions.  FtcUe  4. 


Ml 


Fig.  18.    Lion.    FdU  Leo:  Tar.  AHaHeui,  Beventeen  months.    Cerebellar  lobes  shown 
in  part   (610.)   p.28S. 
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Fig.  19.   Lion.    FdU  LeOt  Tar.  JJHoanut,  cf  seven  and  one-half  months. 
Cerebellum  in  outline  only.    (608.)    p.  S28. 
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Plate  5. 
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Fig.  20.    Pomeraniim  dog,  9  adoH  (1).  (Mother  of  SI,  2i,  23.) 
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Fig.  «1.    Pomeranian  pup,  9  five  weeks.    (3) 
LEsSsEPM? 


Fig.  14.    (41  pnd  42)  Pomeraiiiar  pn^s, 
9  tlireedays. 


Fig.  22.    Pomeranian  pup,  9  four  and 
one-hair  weeks,  (-i) 


Fig.  23.    Pomeranian  pap,  (f  flRy-four  hours.    (4) 


Fig.  25.    English  terrier,  olf.  lobe  hidden ;  three  and 
one-half  years.    (7)    (p.  228.) 


Fig.  26.    Newfoundland,  cf  adult. 
Olf.  lobe  exposed. 
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Double  Human  Momstbr. 


Plate  6. 


o  w 


o  - 
2.  3 

£-3 


S 


■.r  s 

o  r: 


■5 


S 


3 

Of 


I    a 


2 


S 

9Q 


^  2. 


il 


S  3 
•    5' 

CO  =• 


Digitized  by  VjOOQ IC 


Digitized  by  VjOOQIC 


B.      NATURAL   HISTORY.  249 

All  the  facts  indicate  that  while  it  is  not  impossible  or  even  im- 
probable that  different  areas  of  the  cerebral  surface  may  be  in 
functional  relation  to  either  movements  or  mental  operations  or 
both,  yet  these  areas  are  not  always^  if  ever,  circumscribed  by  the 
fissures;  that  the  fissures  merely  increase  the  amount  of  gray 
matter  wherever  they  are  ;  their  signification  being  rather  quanti- 
tative than  qualitative. 

This  question  might  be  decided  b}'  Dr.  Ferrier's  method,  explor- 
ing not  only  the  free  surface  of  the  folds  but  also  the  hidden  walls 
of  the  fissures. 

Explanations  op  Figures.^^  —  With  two  exceptions  (Figs.  10 
and  13)  the  brains  are  shown  from  the  left  side,  and  all  the 
drawings  are  made  from  specimens  hardened,  and  thereby 
shrunken,  in  spirit.  The  olfactory  lobe  is  given  in  outline  ;  also 
the  cerebellum  and  medulla  oblongata:  but  neither  the  nerve 
roots,  nor  the  cerebellar  convolutions,  are  indicated.  As  stated 
on  page  218,  note,  each  fissure  is  drawn  as  it  appears  to  the 
eye  placed  over  it  perpendicularly  to  the  surface  on  which  the 
brain  rests. 

Figures  3,  4,  20,  22,  25,  showing  the  fissures  dark  on  a  white 
ground,  have  been  kindly  loaned  to  ine  by  the  "N.  Y.  Tribune,"  from 
those  which  illustrated  the  report  of  my  lecture  on  "The  Brain, 
and  the  present  scientific  aspect  of  Phrenology,"  printed  in  the 
"Tribune"  Extra,  No.  3 :  a  few  inaccuracies  which  could  hardly 
be  avoided  in  the  hasty  preparation  for  the  press,  have  been  since 
corrected. 

The  remaining  figures,  in  which  the  fissures  are  shown  white  on 
a  dark  ground,  have  been  drawn  on  wood  and  cut  by  Mr.  Philip 
Barnard  of  Chicago  (now  a  student  in  Cornell  Univ.),  to  whose 
patience  and  accuracy  I  gladly  bear  witness.  All  the  drawings 
were  made  by  me  from  specimens  which  I  had  prepared. 

The  fissures  are  lettered  uniformly  throughout. 


8— Sylvian. 
Be— Basisylvlan. 
P»— Presy'lvian. 
Il-Rhinal. 
£r— Ectorhinnl. 
F— FronUil. 
C— Coronal. 
£s— £ctu8ylvian. 


Es'— Its  popterior  branch. 
Esv— Us  ventral  branch. 
Sh— Siipersylvian. 
S«'— Its  medial  branch. 
L—Lateral. 
L'— Its  medial  branch. 
El— Kctolatcral. 
MI— Mcdilateral. 


"•The  numbers  in  parenthesis  refer  to  the  Catalogue  of  the  Neurology  and  Embry- 
ology of  Domesticated  animals  at  the  Museum  of  Comparative  Zoology. 

A.A.  A.  S.      VOL.    XXII.      B.  (16*) 
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Lateral  Asthmetrt  in  the  Braiks  of  a  Double  Human  Mon- 
ster.   By  Burt  G.  Wilder,  of  Ithaca,  N.  Y. 

[The  flffures  form  plate  6  at  the  end  of  the  preceding  paper.] 

It  is  generally  known  that  the  right  and  left  hemispheres  often 
present  considerable  differences  in  the  details  of  the  cerebral  pat- 
tern ;  but  very  rarely  do  we  find  figures  or  detailed  descriptions 
which  indicate  the  extent  of  this  lateral  variation,  although  its  ex- 
istence would  seem  a  serious  difficulty  in  respect  to  phrenology. 
As  remarked  in  a  previous  paper  no  brains  of  different  individuals 
can  be  so  closely  allied  as  those  of  the  same  individual,  and  a  study 
of  these  must  serve  to  check  our  estimates  of  the  zoological  value 
of  fissural  variation  between  species ;  next  in  value  for  this  pur- 
pose would  usually  be  ranked  the  brains  of  twins  or,  with  animals, 
brothers  and  sisters  of  the  same  litter ;  but  an  intermediate  stage 
of  relationship  is  presented  by  double  monsters,  like  the  one  de- 
scribed in  the  next  paper,  and  as  their  brains  are  rarely  preserved 
or  figured,  I  have  thought  them  worth  recording.^ 

The  brains  were  bisected  soon  after  extraction ;  each  was 
weighed  and  each  cerebral  hemisphere  placed  in  spirit  upon  its 
mesial  surface  ;  being  quite  soft,  they  became  unnaturally  flattened 
in  the  process ;  they  were  drawn  after  hardening  and  the  two 
right  hemispheres  shrank  while  drawing,  from  evaporation  of  the 
spirit,  so  as  to  lessen  their  area  and  to  expose  the  island  of  Reil  to 
an  unnatural  extent,  as  appears  in  figures  2  and  4.  This  prevents 
the  otherwise  interesting  comparison  of  the  four  hemispheres  in 
respect  to  the  length  of  the  fissures,  without  reference  to  their 
depth ;  and  in  respect  to  the  total  area  of  the  outer  surface  of 
the  hemispheres. 

But  the  fissures  themselves  and  their  connections  are  unchanged, 
and  certainly  present  some  striking  differences  whether  the  two 
brains  are  compared  together,  or  the  two  halves  of  the  same  brain. 
I  have  lettered  only  the  sylvian  (S'),  its  ascending  branch  (S")i  the 
first  temporal  {t')  ;  and  the  fissure  of  Rolando  or  centralis  (C). 

The  temporal  («')  of  the  right  brain,  left  hemisphere,  is  in  two 
portions,  the  separation  occurring  at  a  point  corresponding  with  a 
transverse  fissure  in  the  other  hemisphere ;  and  although  Ecker 

1 1  hope  on  a  future  occasion  to  present  a  detailed  comparison  of  the  fonr  hemi' 
spheres  of  several  double  headed  calves  and  pigs,  which  are  now  in  the  Museum  of 
the  Cornell  University. 
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says  nothing  of  it  (op.  cit.  62),  yet  some  foetal  brains  in  my  pos- 
session indicate  that  there  may  here  be  two  fissares  which  origi- 
nate separately  but  usually  unite  ;  the  case  may  be  compared  with 
that  of  the  lateral  and  coronal  in  camivora.     (See  p.  227.) 

I  do  not  feel  sufficiently  sure  of  the  correctness  of  the  generally 
received  designations  of  the  other  fissures  to  compare  them  indi- 
Tidually,  but  it  is  evident  that  all  the  fissures  differ  greatly  as  to 
length,  direction,  branches  and  connections,  and  that  the  smaller 
fissures  vary  considerably  in  number,  giving  an  appearance  6f  fis- 
sural  complexity  in  the  following  order.  1.  Left  brain,  left  hem- 
isphere; 2.  Left  brain,  right  hemisphere;  3.  Right  brain,  right 
hemisphere ;  4.  Right  brain,  left  hemisphere. 

It  is  worth  noting  that,  excepting  with  the  left  brain,  right  hem- 
isphere, this  order  is  inversely  to  that  of  the  weights,  as  if  by 
way  of  compensation ;  also  that  the  two  hemispheres  of  the  left 
brain  present  the  two  extremes  of  fissural  complexity,  while  the 
intermediate  conditions  are  seen  in  the  right  brain. 

Furthermore,  it  may  not  be  too  much  to  associate  the  greater 
weight  (,024.  grams)  of  the  whole  left  brain  over  the  right,  with  the 
fact  that  the  corresponding  part  of  the  double  body  is  larger  than 
the  right,  and  the  median  third  leg  is  thrown  over  toward  the  right 
side,  as  if  it  were  more  fully  a  right  leg  of  the  lefb  child  than  a 
left  leg  of  the  right  child. 

The  combined  weight  of  the  two  brains  is  ,768.  which  is  to  that 
of  the  bodies,  5,000.  about  as  1  to  6^,  which  is  the  average  ratio 
in  females  at  birth,  according  to  Tiedeman  ;  that  in  the  male  being, 
according  to  the  same  authority  as  1  to  5*85  ;  as  quoted  in  Quain's 
Human  Anatomy,  ii,  570.  This  monster  is  apparently  of  the  male 
sex. 


The  Papillakt  Rbpresektativb  of  Two  Arhs  of  a  Double 
Human  Monster,  with  a  Note  on  a  Mummied  Double 
Monster  from  Peru.    By  Burt  G.  Wilder,  of  Ithaca,  N.  Y. 

The  double  monster  here  referred  to  was  still-born,  at  term^ 
in  March,  1873 ;  aside  from  the  malformation  it  was  of  good  size 
and  appearance;  the  left  spine  was  found   to  be  fractured,  and 
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it  may  have  died  during  parturition  which  was  long  and  difficult, 
although  the  mother  recovered  without  trouble. 

Having  preserved  all  the  viscera  (including  the  brains,  which 
were  described  in  the  previous  paper),  it  is  my  intention  to  pre- 
pare a  detailed  account  of  the  case  in  connection  with  several 
other  double  monsters  in  my  possession,  so  I  will  merely  men- 
tion that  it  weighed  about  5,000.  grams  (about  eleven  pounds), 
and  measured  about  twenty-two  inches  when  the  legs  wci*e  ex- 
tended. 

There  are  two  stomachs,  symmetrically  disposed,  as  usual  in 
such  cases ;  the  small  intestines  continue  independently  to  near 
the  csecum ;  this,  the  colon  and  rectum  are  single,  the  latter  ter- 
minating at  an  imperforate  anus,  just  above  (behind)  the  genitals ; 
there  are  two  hearts  and  two  pairs  of  lungs  ;  four  kidnej's  and  two 
bladders ;  the  sex  is  apparently  male,  but  the  testes  have  not 
entered  the  scrotum,  and  I  have  not  yet  looked  for  them  among 
the  viscera. 

As  seen  in  the  figure,  its  heads  are  separate  and  complete, 
the  right  larger  than  the  left,  as  with  the  corresponding  brains ; 
the  opposite  limbs  and  sides  of  the  compound  body  are  some- 
what unsymmetrical,  the  right  child  seeming  to  constitute  more 
than  half  of  the  whole ;  the  hands  and  feet  are  quite  well  formed 
but  there  is  an  extra  right  pollex ;  further  details  will  be  given 
hereafter.  • 

So  far,  this  specimen  nearly  resembles  that  so  well  described 
and  figured  by  Prof.  Jeffries  Wyman  in  the  "  Boston  Medical 
and  Surgical  Journal"  for  March  29,  1866.1 

There  is  also  a  third  aud  median  and  morphologically  symmet- 
rical leg  coming  off  from  the  pelvis,  and  possessing  a  partly 
double  foot  with  a  median  primus  (great  toe)  bearing  a  nail  upon 
each  side,  and  seven  other  toes  of  which  four  seem  to  belong  to 
the  right,  and  three  to  the  left,  moiety ;  but  this  left  foot  belongs 
of  course  to  the  right  child,  and  the  right  belongs  to  the  left  child 
which  thus  claims  four  and  a  half  of  the  eight  toes. 

The  leg  and  foot  are  less  regular  and  symmetrical  than  in 
Wyman's  case,  and  the  whole  limb  is  swung  out  toward  the 
left  as  if  more  under   the  control  of  the   right   child,  concomi- 

»  The  flgnre  is  reproduced  in  Dr.  S.J.Fisher's  essay  upon  Diptoteratology,  p.  G2,and 
flgs.  53  and  54;  the  description  is  there  quoted  in  part,  and  in  full  in  Prof.  J.  B.  S.  Jack- 
fioD'ii  Catalogue  of  the  Warren  Anat.  Mus.  of  Harvard  University. 
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tantly  with  the  greater  bulk  of  the  right  brain  (see  preceding 
paper). 

The  point  to  which  I  wish  to  call  particular  attention  is  the  ex- 
istence of  a  minute  papillary  representative  of  the  missing  arms, 
corresponding  to  the  legs  which  are  represented  by  the  fused  and 
median  limb ;  this  is  a  papilla  about  '005,  in  length  and  slightly 
constricted  at  the  base;  the  surface  is  slightly  wrinkled  and  a 
few  short  hairs  spring  from  the  tip ;  it  is  wholly  tegumentary,  and 
its  cavity  contains  only  loose  connective  tissue. 


Fig.  1.   Bicephalous  Monster,  from  behind ;  onC'Sizth  of  nataral  length. 

Its  nipple-like  appearance,  and  its  location  upon  the  line  of 
junction  of  the  shoulder  regions  of  the  two  individuals,  suggested 
its  being  the  result  of  a  fusion  of  the  left  nipple  of  the  right  child 
and  the  right  nipple  of  the  left  child  (the  other  two  occupying 
their  normal  positions  upon  the  pectoral  regions),  but  it  is  im- 
perforate; and  what  is  conclusive,  the  real  nipples,  though  small 
and  hardly  projecting  from  the  surface,  occupy  places  upon  the 
sides  of  the  junction-line,  the  right  one  (left  of  right  child)  being 
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•030,  and  the  left  (right  of  left  child)  -026,  behind  the  median 
papilla,  and  at  a  distance  of  *025  apart ;  an  elongated  mammary 
gland  underlies  the  left  nipple  as  indicated  by  the  slight  elevation 
in  fig.  2,  A,  but  no  such  is  apparent  under  the  other. 


Fig.  2. 


A.  Integument  bearing  the  papillary  llmt)  P,  and  tlie  two  nipples  N",  IT. 

B.  Median  scapula  and  clavicle  IVom  above. 

C.  The  same  flrom  the  side,  the  scapula  divided  near  the  middle  line;  all  of 

natural  size. 


Immediately  beneath  the  integument  upon  the  line  of  junction 
are  two  bones  whose  position  in  reference  to  the  papilla  is  approx- 
imately shown  by  the  dotted  outline  in  fig.  1 ;  while  their  forms 
and  connections  are  shown  in  fig.  2,  B  and  C.  The  longer  bone 
is  evidently  a  median  and  nearly  symmetrical  clavicle ;  it  is 
about  *045,  in  length,  is  wholly  ossified,  and  presents  at  its  hinder 
extremity  an  appearance  of  epiphysis,  which  is  attached  to  the 
anterior  slope  of  the  scapular  elevation  by  ligaments,  without 
any  synovial  capsule;  its  anterior  extremity  gives  off  a  slender 
tendon  which  bifurcates  at  a  distance  of  *005,  into  the  tendons  of 
the  two  sterno-mastoid  ( ?)  muscles ;  into  each  side  are  inserted 
two  muscles,  the  cleido-mastoid  occupying  the  anterior,  and  the 
trapezius  the  posterior  half.    The  enclosed   spaces  C  M  and  T 
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iDdicate  the  attached  ends  of  the  deido-mastoid  and  trapezius  mus- 
cles of  the  right  individual ;  the  clavicle  is  strongly  curved  toward 
the  left  individual,  as  seen  from  behind,  but  as  seen  from  the  side 
its  outline  is^  nearly  straight,  fig.  2,  C. 

The  scapula  is  a  nearly  symmetrical  disk  of  bone  with  a  carti- 
laginous border  which  is  narrow  in  front,  projects  as  an  angle 
upon  each  side,  and  Is  broader  behind  where  it  is  closely  connected 
with  a  transverse  bar  of  cartilage,  excepting  an  elongated  gap 
upon  the  middle  line  ;  the  scapular  disk  is  convex  upon  its  dorsal 
surface,  rising  near  the  anterior  border  into  a  decided  elevation  or 
tubercle  corresponding  with  a  deep  pit  P,  upon  the  concave  deep 
surface,  as  shown  in  the  section  C. 

I  am  not  prepared  to  express  a  decided  opinion  as  to  the  nature 
of  the  cartilaginous  bar  ;  but  have  no  doubt  that  the  disk  represents 
the  fusion  of  the  inner  or  vertebral  or  proximal  moieties  of  the  left 
scapula  of  the  right  child,  and  the  right  scapula  of  the  left  child, 
at  a  point  proximad  of  the  glenoid  cavities  so  as  to  leave  only  por- 
tions of  the  acromial  spines  to  unite  and  form  the  elevation  against 
which  the  clavicle  abuts ;  to  the  various  borders  of  the  scapula 
are  attached  muscles,  which  seem  to  represent  the  two  rhomboideiy 
the  serratus  magnus,  levator  anguli  scaptdve,  and  the  omohyoid; 
but  as  I  am  still  in  some  doubt  respecting  the  pectoralis  major, 
and  the  attachments  of  the  teres  major  and  latissimus  dor  si ,  I  will 
defer  an  account  of  them  to  another  occasion,  when,  too,  the 
absence  of  a  sternum  and  the  apparent  anomalous  direction  of  the 
clavicle  can  be  accounted  for. 

In  general,  however,  it  is  evident  that  the  condition  of  things  is 
like  that  in  Prof.  Wyman's  case,  excepting  that  the  separation  of 
the  two  individuals  at  the  shoulders  is  less  complete ;  or  the  union 
is  more  so. 

The  result  is  to  reduce  so  far  the  median  and  third  arm,  that 
instead  of  being  obviously  and  unmistakably  such  it  is  a  mere 
papilla  which  but  for  its  position  and  its  relation  to  the  underlying 
bones  would  never  be  regarded  as  a  limb,  much  less  as  two  arms ; 
yet  it  is  evident  that  it  is  just  as  much  so,  morphologically,  as  is  the 
earliest  pad-like  rudiment  of  a  limb  in  the  developing  foBtus ;  for 
it  is  possible  to  conceive  of  a  complete  series  of  intermediate 
conditions  with  Wyman's  case  at  one  extreme  and  this  at  the 
other. 
It  would  seem  therefore  that,  in  any  such  S3'stem  of  classifica- 
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tion  of  monsters  as  that   proposed  by  Dr.  Fisher,  our  monster 
should  rank  as  Dicephalus  tribracJius  tripus;  op.  cU,^  p.  71. 

But  the  question  arises  whether  the  name  could  be  retained  in 
case  of  a  still  further  reduction,  so  as  to  leave  no  external  evi- 
dence of  a  median  limb ;  and  while  this  may  be  of  less  practical 
importance  in  respect  to  monsters,  yet  it  is  akin  to  the  general 
problem  "  what  constitutes  a  digit  or  daclyle  "  briefly  indicated  by 
me.^ 

Note  on  a  Mummied  Dicephalus  from  Peru. —  Dr.  Chas. 
S.  Swazey  of  New  Bedford  has  kindly  allowed  me  to  bring  some 
photographs  of  Peruvian  relics,  and  among  them  is  one  of  a 
human   dicephalus,  closely  resembling  our  specimen ;  but  as    it 


is  in  a  sitting  posture  and  shown  from  in  front,  the  existence 
of  median  limbs  is  merely  to  be  inferred,  the  left  foot  is  partly 
hidden  by  the  right,  and  the  three  tibial  (inner)  toes  of  the  right 
are  turned  down.  It  seems,  from  this,  that  monsters  occurred 
among  the  ancient  Peruvians,  and  that  they  were  not  consigned  to 
scientific  investigation,  but  duly  mummified.^ 

«  Intermcmbral  Homologies,  p.  63;  Proc.  Bost.  Soc.  Nat.  Hist.,  vol.  14, 1871. 
'  It  is  stated  in  Spencer's  *'  Descriptive  Sociology  "  that  the  *'  Huacas  **  or  sacred 
^bjects  of  the  Peruvians  included  twins  and  monsters. 
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The  Habits  and  Parasites  of  Epeira  riparia,  with  a  Note  on 
THE  Moulting  of  Nkphila  plumipes.  By  B.  G.  Wilder, 
of  Ithaca,  N.  Y. 

The  large  garden  spider  with  black  and  yellow  abdomen,  which 
is  ver}'  common  in  certain  parts  of  the  south,  and  less  abundant 
at  the  north,  was  first,  so  far  as  I  know,  described  and  figured  only 
by  Hentz.i 

Although  the  author's  description  is  very  brief,  the  spider  is 
readily  identified,  and  it  may  be  better  to  defer  a  fuller  description- 
until  a  male  is  secured ;  at  present  there  are  some  points  in  its 
economy  worthy  of  investigation,  and  I  will  here  indicate  them,, 
first  quoting  in  full  Hentz's  account  of  the  species. 

*'^ Description. — Black,  cephalo-tliorax  covered  with  silvery-white- 
hairs  ;  abdomen  barred  with  bright  yellow  spots  and  dots ;  thighs- 
U8ually  bright  rufous  at  base,  except  the  first  pair.  Of  a  large 
size,  seldom  small. 

Obsei-vations. —  This  remarkable  species  usually  dwells  on  the- 
margin  of  waters,  where  it  makes  a  web  of  strong  threads,  in  which, 
large  Libelhilce  and  MelolonthcB  are  often  caught.  The  abdomen^ 
of  the  female  is  flat  in  the  early  part  of  the  season,  and  it  is  not 
till  August  that,  being  distended  with  eggs,  it  assumes  the  o^vi- 
form  shape.  Its  cocoon  is  conical,  as  large  as  a  small  plum,  like- 
a  pear  hanging  down.  Whenever  opened  it  was  found  full  of  young, 
spiders  Instead  of  eggs.     Is  it  viviparous? 

^aW«a«.— The  United  States." 

During  the  war  I  had  the  opportunity  of  studying  certain  feat* 
ures  in  the  economy  of  this  species,  which  at  the  time,  I  imagined 
to  be  wholly  undescribed,  and  in  '^Harper's  Monthly"  for  Marcli^. 
1867,  under  the  title  of  "200,000  spiders,"  I  gave  description* 
and  figures  of  the  female  E.  riparia^  of  her  net  and  of  the  cocoon  ;. 
also  of  presumed  ichneumonidian  and  chalcidlan  parasites  found 
therein.  And  as  nothing  has  since  appeared  respecting  it,  I  will 
here  give  an  abstract  of  the  above  mentioned  paper,  together  witb 
some  additional  observations  respecting  the  escape  of  the  young 
from  the  cocoon. 

1  Boston  Jouronl  of  Natural  History,  1817,  r,  468,  pi.  xxx,  flg.  5,  nnder  the  name  of 
Em  riparia, 

A.   A.  A.   S.   VOL.   XXII.  B.  (17) 
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On  the  2l8t  of  March,  1865,  on  James  Island,  just  south  from 
Charleston,  South  Carolina,  I  found  suspended  in  a  bush  a  pear- 
:fihaped  cocoon  (fig.  1),  like  that  described  by  Hentz.    Between 


Fig.  1.    Cocoon  of  Epeira  riparia ;  nat.  size. 

^the  above  date  and  April  2d,  I  found  in  the  same  locality,  and 
•chiefly  near  a  ditch,  two  hundred  and  five  similar  cocoons. 


Fig.  2.  A.   Vertical  transrerBe  tection  of  cocoon  of  Epeira  riparia^  containing 
only  the  eggs  of  the  spider. 

B.  The  same  showing  the  cocoons  of  the  ichnenmon,  which  destroyed 

the  eggs,  and  wliich  are  themselves  destroyed  by  chalcidians. 

C.  Cocoon  of  icimeumon  fi*om  which  the  insect  has  escaped. 

1.  Outer,  and  usually  glazed,  coat  of  the  cocoon.  2, 8, 4.  Second,  third  and 
fourth,  or  inner  coats,  separated  ft'om  each  other.  0.  The  pedicel.  6.  Itooser 
interior  of  pedicel.  7.  Thickened  base  of  pedicel.  8.  Suspensory  of  the 
egg-cover.  9.  The  egg-cover.  10.  The  eggs  partly  exposed  by  separating 
the  cover  fk'om  the  cup.  11.  The  cup.  12.  Loose  silk  surrounding  the  cup. 
13.  Hole  made  by  escaping  ichnenmon.  14.  Ichneumon  cocoon.  U,  Holes  in 
the  ichneumon  cocoons  made  by  the  chalcidians.  16.  Corresponding  holes 
in  the  spider's  cocoon. 
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The  cocoon  is  usually  pear-shaped,  ranging  from  'OlS,  (15  milli- 
neters)  to  '022,  in  transverse  diameter,  and  from  '025,  to  '032,  in 
length.  The  wall  averages  -000,5  Q  millimeter)  in  thickness,  and 
usaally  consists  of  fonr  concentric  and  closely  united  coats  or 
layers  of  silk,  which  are  nearly  equal  in  thickness  and  compact- 
ness, the  outer  one  (1),  however,  being  usually  smoothly  glazed 
without,  so  as  to  crackle  like  thin  paper ;  sometimes  there  are  but 
three  coats,  and  in  some  of  these  cases,  the  outer  one  is  not  glazed 
but  soft  and  velvety ;  the  coats  thin  out  over  the  pedicel,  but  not 
by  well-defined  edges. 

At  the  top  of  the  cocoon  is  eipedicd  or  stem  (5),  hollow  and  loose 
in  texture  (6)  above,  but  broader  and  denser  below,  where  it  is 
concealed  by  the  body  of  the  cocoon,  and  having  its  lower  surface 
or  base  very  firm,  like  a  silken  disk  (7). 

The  contents  of  the  cocoon  are  a  mass  of  loose,  reddish  silk  (12) 
attached  above,  about  the  base  of  the  pedicel  and  apparently  also 
to  the  inner  coat  (a  special  portion  of  this  loose  silk,  like  a 
ctLshion  ^)  attached  to  the  base  of  the  pedicel ;  a  kind  of  saucer 
(9)  of  very  delicate  silk,  which  is  inverted,  and  suspended  by  the 
cushion  above  mentioned;  a  cup  (11)  of  the  same  delicate  silk 
suspended  to  the  lower  border  of  the  saucer  (which  thus  forms  its 
cover)  by  a  few  fibres  of  loose  silk;  a  mass  of  eggs  (10),  from 
five  hundred  to  two  thousand  two  hundred  in  number,  enclosed 
within  the  cup  (at  the  time  these  were  found,  these  eggs  had 
evidently  hatched,  for  in  their  place  were  found  large  numbers 
of  little  fragments  of  broken  shells)  ;  many  little  round  bodied 
spiders,  never,  in  the  earlier  weeks,  less  than  five  hundred  in 
number;  which,  when  the  cocoon  was  opened,  came  tumbling  out, 
each  swinging  by  its  own  little  thread,  and  ^Mocking  like  so  many 
chickens  hung  by  their  tails"  (Harper's  Magazine,  1866,  p.  452, 
and  fig.  12). 

I  have  never  witnessed  the  making  of  a  cocoon  ;  a  spider  after- 
ward taken  near  Boston,  Mass.,  was  just  finishing  her  work  at 
6  A.M.  of  Sept.  26,  by  attaching  lines  from  the  cocoon  to  sur- 
rounding objects.  But  it  may  be  inferred  that  the  pedicel  is  first 
formed,  and  firmly  secured  by  strong  lines  in  all  directions  ex- 
cepting downward ;  that  to  its  lower  surface  the  spider  aflSxes  the 
cushion  of  loose  silk ;  and  to  this  the  inverted  saucer ;  the  eggs 
are  now  expressed  upward  into  this,  while  the  spider  hangs  back 
downward  below  it ;  the  cup  is  now  formed  under  and  about  the 
eggs ;  and  then  around  the  whole  is  spun  the  loose  mesli  of  silk 
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wliich  serves  the  double  purpose  of  protection  to  the  eggs  and  the 
spiders,  and  as  a  primary  habitation  for  the  latter  before  they  es- 
cape and  make  nets  of  their  own ;  finally,  the  outer  wall  is  formed 
in  three  or  four  consecutive  layers,  and  the  cocoon  is  braced  by 
strong  lines  passing  to  the  sun'ounding  twigs. 

From  the  above  account  it  appears  that  the  cocoon  must  be 
formed  and  the  eggs  laid  in  the  previous  summer;  and  that  in 
South  Carolina,  the  eggs  are  hatched  as  early  aa  the  2 1  st  of  March; 
but  although  by  opening  a  cocoon  every  day  or  two,  I  satisfied 
myself  that  each  of  them  did  really  contain  from  five  hundred  to 
two  thousand  living  spiders,  and  although  they  were  kept  exposed 
to  the  sun  and  occasionally  sprinkled  with  water,  yet  during  all 
the  time  I  kept  them,  namely  until  June  15,  not  one  of  the  en» 
tire  cocoon  was  opened  by  the  inmates.  On  and  after  the  iOth 
of  May,  however,  they  sometimes  came  out  of  the  holes  cut  in  the 
cocoons,  or  through  openings,  hereafter  to  be  described.  But  first 
it  is  important  to  state  that  from  a  single  entire  cocoon  found  at 
Ithaca,  N.  Y.,  the  spiders  escaped  through  a  hole  made  by  them- 
selves near  the  base  of  the  pedicel,  on  the  14th  of  June,  1873  ;  so 
perhaps,  but  for  an  accident  which  destroyed  them,  those  at  the 
south  would  soon  have  made  their  way  out. 

The  fact,  however,  remains  that  the  young  of  Epeira  riparia 
live  together  for  many  weeks  in  a  confined  space,  and  with  no 
food  excepting  one  another.^  That  they  do  eat  each  other  is  cer- 
tain; first,  because  in  cocoons  opened  later  in  the  season,  the 
spiders  were  found  to  be  fewer  in  number,  but  larger  in  size ;  and 
second,  because  they  were  seen  to  do  it,  even  when  out  of  the 
cocoon  and  supplied  with  other  food  (as  blood)  which  they  seemed 
to  relish.  There  never  was  any  fighting,  however ;  the  smaller 
and  weaker  seemed  to  understand  that  for  the  good  of  the  species 
{jrro  bono  publico)  they  must  be  devoured  by  the  larger  and 
stronger,  who  performed  their  part  ^'doucement  et  sans  cholere." 

It  is  evident  that  here  is  an  opportunity  for  noting  the  working 
of  ''natural  selection,"  upon  a  huge  scale ;  for  out  of  the  five 
hundred  young  who  are  hatched,  comparatively  few  can  reach 
maturity,  else  the  country  would  soon  be  overrun  with  them  ;  the 
fact  being  that  although  the  species  is  widely  distributed,  yet  I 

*  Three  cocoons  of  this  species  were  brought  to  me  Feb.  26.  1874;  sml  the  jronnir 
spiders  are  hatched;  without  speculating  as  to  the  time  that  may  have  already  elapsed 
shice  the  hntching,  this  givea  us  nearly  four  months  during  which  the  young  remain 
confined;  and  it  will  appear  that  the  cocoon  itself  must  Iceep  oat  tlie  cold  as  efBcleutlj 
as  the  egg  shells,  pupa  cases  and  cucoous  of  insects  which  appear  later  in  the  seaaou. 
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never  found  them  in  such  abundance  in  other  parts  of  the  south, 
and  saw  only  eight  cocoons  between  Charleston  and  Eutaw  Springs, 
South  Carolina,  searching  the  woods  bordering  the  road  both  going 
and  returning. 

Of  the  four  hundred  and  six  cocoons  obtained  on  James  Island 
in  the  spring  of  1865,  only  one  hundred  and  thirty-four  were  en- 
tire, and  presented  no  opening  whatever.  My  notes  state  that 
one  hundred  and  ninety  of  the  others  were  pierced,  but  by  what 
is  not  mentioned  and  I  do  not  now  venture  to  conjecture  ;  but  no 
spiders  came  out  of  these  before  May  10,  although  the  openings 
were  certainly  similar  to  those  made  by  the  spiders  in  the  cocoon 
mentioned  on  page  260. 

Of  the  remaining  eighty-two  cocoons,  fifty-nine  were  torn,  in 
one  or  more  places,  and  through  the  rents  projected  loose  silk ; 
having  once  "seen  a  little  bird  about  the  size  of  a  sparrow,  fly  at 
a  cocoon  hanging  in  a  tree,  make  one  or  two  quick  pulls  and  then 
retreat,"  I  am  inclined  to  think  all  these  rents  were  80  caused; 
and  as  these  attacks  would  usually  open  the  cocoon  without  in- 
juring  the  inmates,  I  drew  the  inference  that  this  might  be  a  pro- 
vision of  Nature,  like  the  fertilization  of  flowers  by  insects,  by 
which  the  invasion  of  the  cocoon  should  really  permit  the  contin- 
uance of  the  species ;  that  this  is  not  the  only  means  of  egress  has 
been  since  shown  in  the  case  mentioned  upon  page  260. 

Parasitks. —  The  remaining  twenty-three  cocoons  presented 
openings  of  one,  and  usually  of  two  sizes;  the  larger  about  '001, 
and  the  smaller  -000,3  in  diameter.  Some  of  these  cocoons  con- 
tained a  few  spiders,  but  usually  only  empty  shells  ;  while  the  origi- 
nal contents  were  in  all  cases  crowded  to  one  side  and  upward  by 
a  mass  of  small  oblong  cocoons  (14)  of  a  whitish  silk,  and  more  or 
less  firmly  united  by  threads.  In  one  spider's  cocoon,  some  of  the 
smaller  cocoons  were  empty  with  a  hole  in  one  end  corresponding 
in  size  and  location  with  the  larger  holes  in  the  spider's  cocoon 
(13) ;  three  were  entire  and  each  contained  fragments  of  a  single 
insect,  apparently  an  ichneumon,  of  which  I  have  at  present  no 
fragments  which  can  be  specifically  identified.  The  small  cocoons 
in  all  the  other  twenty-two  cocoons  in  this  series  presented  no 
large  holes  but  instead,  many  small  holes  like  pin-pricks  (15) 
corres|>onding  to  the  smaller  holes  in  the  spidei*'s  cocoons  (16)  ; 
and  in  all  these  pierced  cocoons  were  fifteen  to  twenty  little  black 
insects,  some  motionless  (pupce)^  others  crawling  actively  about 
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{imagines)^  which  are  undoubtedly  chalctdians,  but  as  yet  unde* 
termined  ;  all  Buch  cocoobs  contained  also  the  empty  pupa  skins 
of  the  ichneumons,  which,  having  destroyed  the  spiders  before  or 
after  hatching,  had  been  themselves  devoured  by  the  chalcidlans. 

The  chalcidians  range  from  -001,  to  *002,  in  length.  The  ich- 
neumons range  from  *005,  to  006,  in  length.  Their  pupa  skins 
from  006,  to  -008,  and  their  cocoons  from  *007,  to  *010,  in  length 
and  -008,  to  -004,  in  diameter. 

In  the  article  above  quoted,  are  given  figures  and  descriptions 
of  these  parasites  and  some  suggestions  as  to  the  manner  of  their 
entrance  to  the  cocoons  but  it  is  evident  that  a  careful  investi- 
gation will  be  needed  in  order  to  elucidate  fully  the  history  of 
this  spider  and  its  enemies. 

NoTB  UPON  THE  MouLTiNG  OP  Nephila  Plumipes. — Mr.  Black- 
walP  has  clearly  described  the  moulting  of  Epeira  calopltyllaj  and 


FifiTS.  8, 4.    Moulting  of  Kephila  plnmlpet. 

called  attention  to  the  fact  that  the  first  separation  of  the  integ- 
ument occurs  along  the  border  of  the  cephalo-thorax  and  not  upon 
the  median  line.     Having  witnessed  this  very  often  with  Nephila 

>TranB.  Linn.  Soc.,  vol.  xvi,  p.  473,  and  spidcrt  of  Gr.  Br.,  p.  7. 
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plumipes^  I  am  able  to  confirm  his  description ;  and  as  no  illus- 
trations of  the  process  are  known  to  me,  I  offer  here  two  repre- 
sentations of  NephUa  drawn  by  me  from  the  same  individual,  while 
partly  extricated  (fig.  3),  and  while  hanging  and  drying  prepara- 
tory to  mounting  to  her  net  (fig.  4)  ;  the  position  must  assist  the 
flow  of  fluid  from  the  abdomen  into  the  limbs  and  cephalo-thorax. 
I  have  ^^biographies"  of  several  individuals  of  this  species  which 
were  isolated  and  watched  for  a  greater  or  less  length  of  time,  in 
a  few  cases  from  soon  after  hatching  to  the  adult  condition  ;  and  I 
have  observed  remarkable  differences  of  disposition  and  habit,  quite 
comparable  to  those  commonly  ascribed  only  to  human  beings  and 
the  higher  animals ;  there  seem  to  be  truly  psychological  individu- 
alities even  among  spiders. 


Fig.  5.    Nephila  plumlpes,  a  few  days  old :  natural  size  and  enlarged.* 


Fig.  6.    Cocoon  of  Nephila  plnmipes.  or  loof>e  silk  attached  to  the  lower  snrface 

of  a  leaf. 
*Thi8  with  figs.  3,  4  and  6,  and  fig.  I  of  the  following  paper,  are  electrotypes  of  cuts 
in  my  article  ^'Memoirs  of  a  Cripple,'*  in  '*Our  Young  Folks"  for  Sept.,  18<j6,  furnished 
mc  at  cost  by  Messrs.  J.  R.  Osgood  &  Co. 
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The  Nkts  of  Eprtra,  Nkphila  and  Hyptiotss  (Mithras).    By 
B.  G.  Wilder,  of  Ithaca,  N.  Y. 

Most  Epeiridoe  ("garden"  spidera  or  "geometrical"  spiders) 
construct  a  net  in  the  form  of  a  nearly  circular  disk  which  is  sus- 
pended at  various  angles,  but  probably  never  quite  vertical  or  hor- 
izontal, although  the  former  position  is  generally  predicated  of 
the  ordinary  species,  and  the  latter  of  Tetragnatha  and  some  spec- 
cies  of  Epeira.  The  net  consists  of  a  spiral  viscid  line  laid  upon 
a  framework  of  dry  radii  which  converge  to  a  point  which  appar- 
entl}'  coincides  with  the  centre  of  the  disk,  but  may  vary  a  little 
therefrom,  and,  according  to  Emerton,^  is  usually  nearer  the  top 
than  the  bottom.  In  some  cases,  and  perhaps  in  all,  the  radii  are 
first  connected  by  a  primary  spiral  dry  line  at  greater  intervals 
than  the  secondary  viscid  line ;  this  is  begun  at  the  centre  and 
completed  at  the  peripher}',  and  according  to  Emerton  (op,  ciL^ 
'  479)  is  removed  as  the  viscid  line  is  laid  on  (it  is  permanent  in 
Nephila)  ;  the  viscid  line  is  begun  at  the  peripheiy  and  completed 
near  the  centre ;  the  spider  takes  position  at  the  centre  upon  the 
lower  surface  of  the  net,  and  always  with  its  head  downward.  The 
net  of  E,  vulgaris  is  figured  by  Emerton  (Am.  Nat.,  vol.  ii,  PI.  2), 
that  of  E,  ripana  by  me  (Harpers'  Magazine,  March,  1867,  p. 
463),  and  those  of  several  British  species  by  Blackwall,  in  his 
great  work,  "Spiders  of  Great  Britian  and  Ireland."  The  net  of 
Nepliila  plumipes^  consists  wholly  and  invariably  of  a  series  of 
looped  viscid  lines,  laid  upon  radii  which  gradually  increase  in 
length  from  the  upper  to  the  lower  region  of  the  net  so  that  the 
"centre  of  radiation"  is  very  much  nearer  the  upper  than  the 
lower  margin,  and  is,  in  fact,  more  nearly  in  the  upper  of  the  two 
foci  of  the  elliptical  net ;  the  radii  are  very  numerous  and  closely 
set;  secondary  radii  are  placed  in  the  wider  intervals  commencing 
at  various  distances  from  the  centre ;  and  the  primary  dry  line  is 
looped  like  tlie  viscid  line,  and  is  retained;  the  necessity  for  this 
extra  support  being  evident  from  the  great  size  of  the  nets,  which 
range  from  one  to  four  feet  in  diameter,  and  are  strong  enough  to 
hold  a  light  straw  hat. 

The  free  radii  are  in  the  same  plane  with  the  others,  are  always 

sAmerinan  Naturalist,  1868,  p.  478. 

*Ae  described  and  flgiireit  by  me  in  ''How  oiir  new  Acquaintances  Spin/' Atlantic 
Montbly,  August,  1866,  from  which  Hg.  1  is  taken. 
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in  the  upper  region  of  the  net,  and  occupy  about  ^  of  its  area : 
they  are  more  h-regular  than  the  others,  and  crossed  by  irregular 
lines  so  as  to  merge  gradually  into  tlie  outer  scaffolding,  and  are 
crossed  by  neither  the  dry  nor  the  viscid  looped  lines. 


Fig.  1,  Net  of  Nephila  plnmlpes.  made.  In  a  wire  fVame,  and  photographed 
upon  wood ;  reduced. 

In  nature,  the  free  radii,  as  above  described,  occupy  about  ^  of 
the  area ;  but  the  web  of  which  a  figure  is  given  was  made  upon 
a  wire  frame ;  the  limits  of  which  seem  to  have  interfered  with  the 
extension  of  the  loops  above  the  level  of  the  centre  of  radiation. 

Htptiotes  (of  Ithaca,  N.  Y.). —  The  spider,  whose  web  will  now 
be  described,  no  doubt  belongs  to  the  genus  Hyptiotea  Walck. 
(afterward  and  more  generally  called  Mithras)  ;  of  which  there 
have  been  described  at  least  two  species,  H,  paradoxus  and  H. 
flavidus^  from  Europe,  the  former  having  been  lately  found  in 
Great  Britain.^ 

I  refrain  from  giving  a  specific  name,  because  if  there  prove  to 
be  only  one  species  in  the  limited  states,  we  may  have  to  retain 
the  name  cavata  which  Hentz  applied  to  the  species  found  by  him 
in  Alabama,  and  to  which  he  gave  a  new  generic  name  Cyllopodia;^ 
Hentz,  however,  states  decidedly  that  it  has  but  six  eyes  (whereas 

*  It  Is  mj  intention  to  publish  shortly  a  nill  desorlptfon  of  the  spider,  with  references 
to  the  synonymy  Icindly  furnished  mo  by  Messrs.  Blackwall  and  Cambridge  of  England 
and  Wm.  Holden  of  Marietta,  Ohio. 

*  Bost.  Jour,  of  Nat.  Ant.,  1847,  vol.  v,  p.  466. 
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my  specimenB  have  eight),  and  his  descriptions,  both  generic  and 
specific,  are  hardly  full  enough  for  identification :  he  knew  nothing 
of  the  net.  Mr.  Emerton  has  a  few  specimens  of  both  sexes,  taken 
in  Massachusetts,  which  I  have  not  yet  examined  critically,  but  I 
hiive  not  heard  of  its  discovery  in  other  parts  of  the  country. 

I  have  not  been  able  to  find  specimens  of  Hyptiotes  earlier  than 
the  middle  of  September,  and  they  seem  to  disappear  about  the 
middle  of  November ;  I  have  never  seen  young  specimens,  but  cer- 
tain little  cocoons  are  very  numerous  in  the  same  localities,  so  I 
suspect  them  to  be  made  by  them. 

These  cocoons  sometimes  contain  about  a  dozen  egg-shells; 
in  which  case  the  spiders  have  evidently  escaped  by  pushing  up 
the  base  of  one  of  the  guy  lines,  which  seems  fitted  like  a  trap 
door,  sometimes  the  cocoon  is  empty,  and  then  the  outlet  is  a  rag- 
ged hole  at  one  side ;  and  in  one  I  found  remains  of  some  winged 
insect,  dipterous  or  hymenopterous,  evidently  a  parasite  as  with 
the  Epeira  riparia  (see  preceding  paper),  which  may  account  for 
the  ragged  holes  in  the  other  specimens. 

In  some  ccocoons  there  are  eggs  as  yet  unhatched,  and  I  may 
succeed  in  rearing  the  young. 

The  cocoons  are  about  *002,  in  diameter;  and  those  which  con- 
tain entire  eggs  include  also  some  loose  silk. 

It  will  be  seen  that  the  habits  of  Hyptiotes^  and  the  form  of  its 
net,  with  its  mode  of  construction,  are  sufficiently  peculiar  to  ob- 
viate any  danger  of  confounding  it  with  other  genera ;  I  have  not 
yet  seen  the  work  of  Ausserer  in  which  Mr.  Holden  thinks  the  net 
of  the  European  species  is  referred  to,  and  do  not  think  any  ex- 
tract from  it  has  appeared  in  this  country,  so  that  a  full  description 
of  the  net  may  not  be  out  of  place. 

Specimens  of  Hyptiotes  were  first  found  by  me  in  the  woods 
bordering  Cascadilla  Creek  in  Ithaca,  N.  Y.,  in  the  latter  part  of 
September,  1870  ;^  their  dull  color,  their  small  size  (about  *003,5 
in  length)  and  their  habits  of  remaining  fixed  against  the  hemlock 
twig,  to  which  the  net  is  attached,  may  account  for  their  having 
escaped  observation  during  the  two  previous  years  when  I  col- 
lected in  that  locality. 

This  species  seems  usually  to  construct  its  net  just  before  day- 
break, and  I  have  only  twice  observed  the  process  ;  on  the  4th  of 

*Or  aboat  fifty  specimenB  Chen  taken,  all  proved  to  be  females,  nor  did  I  find  any 
males  until  the  S8lh  of  Sept.,  187:i;  these  are  smaller  and  fewer  in  number  and  miike  no 
net,  being  generally  foand  near  that  of  some  female.  In  this,^!  in  preyious  papers,  I 
baye  added  notes  since  the  time  of  presentation. 
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October,  1870, 1  saw  the  last  cross-line  (that  nearest  the  apex) 
finished,  and  four  years  later,  Sept.  28,  1873,  I  witnessed  the 
foi-mations  of  the  fine  lesser  lines :  as  the  process  was  identical 
in  the  two  cases,  there  seems  good  reason  to  regard  it  as  normal. 
Some  account  of  this  and  of  the  habits  of  the  spider  was  given  at 
a  meeting  of  the  Cornell  Univ.  Nat.  Hist.  Soc.,  for  Oct.  10,  1870, 
when  also  specimens  of  the  female  were  shown.  The  male  was 
exhibited  on  the  10th  of  Oct.,  1873,  at  a  meeting  of  the  same 
society. 


Fi>r.  2.    Net  of  Hyptlotes  "upon  the  stretch." 
BB,  baseline.  A,  apex. 

O,  origin  of  the  apex  line.  R'  "  '"  ""  the  four  radii. 

A.  L.,  apex  line.  V  "  '"  etc.,  viacid  lines. 

S'  "  ' Points  of  attachment  of  the  viscid  lines  upon  the 

radii;  forming  little  steps  upon  the  latter. 
SI,  Slnck'Iine  between  the  first  and  fourth  legs. 
This  Is  better  shown  in  the  enlarged  lower  figure,  where  only  ttie  legs  of  the  ngfat 
side  are  represented.    In  the  upper  figure  the  spider  is  shown  rather  large  and  the  net 
rather  small :  the  base-line  should  also  be  more  extended  befora  attaching  to  the  branch 
at  eitlier  end. 

The  net  is  triangular  in  form,  and  consist  of  four  radii,  never 
more  or  fewer,  crossed  by  several  (6  to  10)  independent  viscid 
lines ;  the  centre  of  radiation  is  prolonged   into  a  single  nearly 
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korizontal  etrong  and  short  line  which  is  attached  to  a  branch  or 
twig ;  the  outer  ends  of  the  radii  are  attached  to  a  second  strong 
line  more  or  less  nearly  vertical  and  nearly  at  right  angles  with 
the  first. 

The  radii  and  base  line  probably  involve  no  nnusual  process ; 
but  the  entire  in<lependence  of  the  viscid  lines  contrasts  strongly 
with  the  spiral  or  looped  lines  of  Epeira  and  Nephila. 

At  the  time  of  the  second  observation  above  mentioned,  the 
spider  had  completed  the  base  line,  B.  B.,  the  four  radii  (R'  "  "* 
""),  and  the  four  viscid  lines  nearest  the  base  V  "  '"  *'),  she  was 
just  then  passing  along  the  upper  radius  {R')  from  the  direction 
of  the  apex  (A) ;  having  reached  the  viscid  line  (iv)  last  com- 
pleted it  turned  about,  seemed  to  make  some  rough  measure- 
ments of  distance  with  its  body,  and  then,  by  drawing  its  spin- 
ners along  the  radius  for  a  short  distance  (about  .002,)  formed 
thereon  the  same  kind  of  attachment  of  a  new  line  which  I 
have  described  and  figured  in  the  net  of  Nephila,  and  which, 
though  not  alluded  to  by  authors,  is  perhaps  gcnerallj'  adopted 
as  much  more  secure  than  contact  at  a  single  point.  The  spider 
then  allowed  her  abdomen  to  fall  away  from  the  radius,  hang- 
ing therefrom  by  the  first  and  second  pair  of  legs,  and  braced 
away  from  it  by  the  third  pair,  she  began  to  move  the  fourth 
pair  simultaneously  to  and  from  the  mammulee,  so  as  to  ex- 
tract therefrom  a  very  viscid  and  elastic  line  which  had  a  faint 
yellowish  tinge ;  doing  this,  she  at  the  same  time  moved  slowly 
toward  the  apex,  to  a  point  where  the  interradial  spaces  were 
narrow  enough  to  permit  her  to  cross  to  the  second  ;  this  she  did, 
ceasing  at  the  same  time  to  draw  out  the  line,  which,  as  she  now 
returned  toward  the  fourth  viscid  line,  contracted  considerably, 
so  that  it  was  nearly  of  the  proper  length  when  she  attached  it 
to  the  second  radius  at  a  point  about  as  far  from  the  fourth  vis- 
cid line,  as  it  had  been  begun  upon  the  first  radius ;  again  turning 
and  making  the  extended  attachment  as  before  she  repeated  the 
drawing  process  so  as  to  carry  the  viscid  line  to  the  third  radius, 
and  from  this  to  the  fourth. 

She  then  ceased  drawing  the  line,  and  returned  to  the  first 
radius  by  way  of  the  crossing  (C),  began  a  sixth  viscid  line,  and 
afterward  a  seventh,  eighth  and  ninth,  all  in  the  same  way  and  at 
about  the  same  distances  apart. 

The  rapidity  of  movement  of  the  fourth  pair  of  feet  is  very 
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great ;  by  considerable  effort  I  could  move  one  hand  at  about  the 
same  rate,  and  found  it  to  average,  at  leasts  five  times  in  a  second, 
or  three  hundred  in  a  minute ;  about  ten  minutes  were  required  to 
complete  these  five  viscid  lines,  the  time  spent  in  returning  being 
very  short ;  and  as  the  other  four  and  longer  lines  must  have  taken 
at  least  fifteen  minutes,  our  spider  may  be  estimated  to  move  her 
hind  legs  definitely  and  nearly  without  cessation  about  7500  times 
in  half  an  hour;  an  estimate  which  is  certainly  far  within  the 
facts. 

I  have  not  yet  satisfied  myself  respecting  the  exact  nature  of 
this  viscid  line,^  beyond  the  excee<Ung  viscidity  and  elasticity  al- 
ready alluded  to ;  but  I  do  not  think  that  it  is  ^^curled"  like  that 
of  the  Ciniflonidcey  as  described  by  Blackwall  {op.  ci*.,  p.  139), 
and  figured  by  Miss  Stavely  {op,  cit.,  p.  114). 

(For  the  rest  of  the  description  the  present  tense  is  applicable, 
since  it  applies  to  the  often  witnessed  proceedings  of  many  differ- 
ent individuals.] 

As  soon  as  the  net  is  completed,  the  spider  takes  her  position 
on  the  apex  line  (A  L)  at  about  an  inch  from  the  point  of  attach- 
ment (O)  with  her  head  toward  the  net ;  seizing  the  line  between 
the  first  and  second  pair  of  feet,  she  walks  slowly  backward,  '^foot 
over  foot"  with  the  fourth  pair,  until  she  reaches  the  point  of  at- 
tachment (O) ;  into  which,  or  into  the  line  near  it,  she  fixes  the 
fourth  pair  of  feet ;  this  proceeding  puts  the  whole  net  upon  the 
stretch,  draws  the  second  and  third  radii  toward  the  apex,  and  thus 
alters  the  direeton  of  the  base  line ;  the  slack  line  (SI),  which  has 
now  accumulated  between  the  points  upon  the  line  grasped  by  the 
first  and  secon<l,  and  the  fourth  pair  of  feet,  is  held  away  from  the 
body  by  the  third  pair,  as  seen  in  the  lower  figure  (only  the  legs 
of  the  right  side  are  shown). 

I  have  not  yet  measured  the  strain  put  upon  the  net,  but  it 
is  evidently  considerable,  yet  these  spiders  remain  immovable 
for  hours,  like  a  set  spring ;  so  motionless  are  they,  and  so  com- 
pactly placed  are  the  legs,  that  they  look  more  like  projections 
of  the  wood  than  living  creatures,  and  no  insect  would  ever  mis- 
trust danger  from  them.  But  when  the  web  is  struck  by  an 
insect,  the  spider  shows  that  though  quiet  she  is  watchful ;  loosing 
her  fourth  feet,  the  strain  is  relaxed  and  the  whole  net  regains  its 
original  condition  with  a  sharp  snap,  which  causes  the    elastic 

*  Au  account  of  Uiis  and  of  the  parts  concerned  in  Us  production  will  be  giren 
hore«fter. 
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lines  to  vibrate  in  all  directions  and  generally  entangles  two  or 
more  of  them  npon  the  insect ;  should  this  first  attempt  fail,  the 
spider,  which  has  been  carried  sharply  forward  with  the  line,  bat 
which  has  retained  her  equilibrium  by  means  of  the  third  pair, 
again  walks  backward  and  again  lets  go;  this  is  sometimes 
repeated  six  times  in  quick  succession ;  when  satisfied  that  her 
prey  is  entangled,  she  advances  a  few  steps  at  a  time,  apparently 
feeling  her  way  (as  do  the  Epeiridse  generally),  and  approaches 
the  quarry  by  the  nearest  radius :  the  subsequent  operations  are 
essentially  those  of  the  Epeiridse,  and  need  not  be  here  described ; 
but  in  some  cases,  while  advancing  toward  the  prey,  she  cuts  the 
line  with  her  jaws  between  her  front  and  hind  legs,  which  allows 
the  net  to  collapse  somewhat ;  the  spider,  however,  has  attached 
a  new  line  in  her  rear,  so  that  the  continuity  is  not  wholly  broken ; 
by  repeating  this,  and  cutting  all  the  radii,  she  is  enabled  at  last 
to  gather  the  entire  net  within  her  front  legs  and  to  throw  it,  like 
a  blanket,  upon  the  struggling  pre}',  which  is  thereby  hopelessly 
entangled ;  in  such  cases,  therefore,  and,  in  fact,  generally,  an 
entire  net  is  destroyed  in  making  a  single  capture. 

Further  account  of  its  habits  would  be  here  out  of  place,  but 
there  are  some  points  to  be  noted  in  respect  to  the  plan  of  the  net 
and  the  mode  of  its  formation. 

1.  Unlike  both  Epeira  and  Nephila  the  number  of  radii  is  con- 
slant;  in  the  hundred  or  more  nets  which  I  have  examined,  there 
have  been  always  four  radii. 

2.  But  the  distance  between  them,  the  number  of  viscid  lines 
and  their  intervals,  like  the  several  dimensions  of  the  net,  vary 
considerably,  as  shown  by  the  following  table. 

TABLE  or  DIMENSIONS  OF  THE  NET  OF  HYPnOTBS  IK  MILUMBTESS; 
TAKEN  FROM  TEN  NETS. 
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In  fact,  the  net  of  the  spider,  like  the  cell  of  the  bee,  as  demon- 
strated by  W3'man,  is  never  the  model  of  geometrical  precision 
which  we  have  been  led  to  believe  by  superficial  examination.  I 
have  never  yet  seen  the  net  of  any  spider  in  which  the  eye  alone, 
unaided  by  instruments,  could  not  discover  irregularities,  which, 
if  they  existed  upon  a  like  scale  in  human  workmanship,  would 
be  regarded  as  serious  imperfections.  But  when  it  is  remembered 
that  insects  measure  spaces  in  much  the  same  way  that  we  do,  by 
the  eye  or  the  limbs,  the  only  wonder  is  that  metaphysicians  and 
theologians  ever  ascribed  to  their  work  an  exactness  which  men 
attain  only  through  exceeding  care  and  delicate  mensuration. 

3.  Like  the  nets  of  Epeira  and  Nephila^  and  probably  all  others, 
the  net  of  Hyptiotes  is  not  vertical,  but  inclined  at  an  angle  which 
varies  greatly  but  is  generally  more  than  45"". 

4.  So  too,  the  inclination  of  the  longitudinal  axis  of  the  net 
varies  greatly.  I  have  never  seen  the  apex-line  inclined  upward 
from  its  origin,  but  have  occasionally  seen  it  slope  downward  at 
ab^ut  45° ;  usually  the  angle  is  between  this  and  the  horizontal. 

5.  The  independence  of  the  viscid  lines  is  very  striking,  but  it 
is  evident  that  the  '^  drawing  out*'  method  of  this  spider  would  not 
permit  the  formation  of  viscid  lines  from  below  upward  without 
risk  of  entanglement. 

6.  The  "  drawing  out"  may  impart  to  the  viscid  line  an  elas- 
ticity which  enables  it  to  shrink  to  the  proper  length,  after  having 
been  long  enough  to  enable  the  spider  to  pass  from  one  radius  to 
the  next  near  the  apex ;  it  being  forced  to  do  this  on  account  of 
its  small  size  as  compared  with  the  interradial  spaces  ;  the  alter- 
natives would  be  cither — 1.  To  make  a  larger  number  of  radii, 
which,  however,  would  increase  the  resistance  to  the  strain,  and 
lessen  the  vibrations  of  the  viscid  lines.  2.  To  spin  a  series  of 
primary  cross-lines^  not  viscid,  equal  in  number  to  the  secondary 
viscid  lines,  and  to  use  the  former  as  means  of  crossing  while 
spinning  the  latter  in  the  ordinary  way,  then  cutting  them  away 
as  described  by  some  Epeiridce;  at  present  we  may  hardly  conjec- 
ture the  causes  which  led  to  the  exclusion  of  these  hypothetical 
methods,  but  meanwhile  it  is  to  be  noted : — 

7.  That  the  series  of  viscid  lines  must  be  commenced  at  the 
larger  and  concluded  at  the  smaller  extreme,  because  otherwise 
either — 1.  Each  succeeding  line  would  have  to  be  engineered  by 
its  predecessor  which  would  be  between  it  and  the  crossing ;  or, 
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2.  If  the  spider  cbose  to  effect  lier  crossing  at  the  base  line,  then 
the  shorter  lines  would  have  to  be  carried  and  stretched  the 
greater  distance,  and  vice  versa;  whereas  now,  that  distance  de- 
creases with  the  length  of  the  viscid  lines  themselves. 

8.  The  net  is  triavgular^  the  section  of  a  circle,  unlike  that  of 
any  other  genus ;  and,  in  idea  at  least,  may  be  regarded  as  filling 
the  vacant  space  in  the  net  of  NephiXa  as  compared  to  that  of 
Epeira;  so  that  we  may  say  in  mathematical  language,  Nephila-^ 
Hyptiotes  =z  Epeira ;  in  more  homely  phrase  the  net  Epeira  \qk 
whole  pie,  that  of  Nephila  is  a  pie  lacking  one  sixth,  while  that  of 
Hyptiotes  supplies  the  missing  piece. 


Fig.  2.    Diagram  representiDg  the  lonns  of  nets  of  SephUa,  N.,  Hffptiotet,  B^ 
and  Epeira,  E. 

Zoological  Relations. — The  above  comparison  of  the  net- 
patterns  of  Epeira  J  Nephila  and  Hyptiotes  is  suggestive,  but  by  no 
means  conclusive ;  and  we  need  to  know  much  more  concerning 
all  of  them,  especially  their  em bryolog}'^,  before  venturing  an  opin- 
ion respecting  their  zoological  relations;  particularly  since  our 
highest  authority  is  now  inclined  to  place  Hyptiotes  among  the 
CinJtionid<E  (Blackwall  Ann.  and  Mag.  of  Nat.  Hist.  1864,  p.  436). 

It  is  worth  noting,  however,  that  the  gap  between  the  continuous 
spiral  net  of  Epeira  and  the  returning  loops  of  Nephila  may  be 
regarded  as  lessened  by  the  following  considerations: 

1.  Mr.  Blackwall  states  that  E.  calophylla  ^'  usually  employs  a 
radius  as  a  means  of  commuuication  between  its  net  and  a  small 
tubular  cell  of  whitesilk  which  constitutes  its  retreat ;"  .  .  .  and 
on  reaching  this  radius  it  retraces  its  steps  until  it  reaches  a  point 
on  the  opposite  side  of  the  radius,  and  by  repetition  of  this  the 
net  is  made  to  consist  of  a  series  of  looped-lines^  "  arcs  of  circles ;" 
it  does  not  appear  that  this  ^'  free  radius"  is  always  in  the  same 
region  of  the  net,  although  it  is  probably  one  of  the  upper  series, 
as  seen  in  the  figure  by  Miss  8tavely  (British  spiders,  p.  246). 

2.  In  several  nets  of  a  small  species  which  is  common  in  Ithaca, 
N.  Y.,  I  have  (Sept.  28,  1873)  seen  the  addition  of  four  looped 
lines  (like  those  of  Nephila)  to  the  lower  border  of  the  net;  and 
in  May,  1871,  I  found  a  deserted  net  built  in  an    angle  which 
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consisted  of  fourteen  turns  of  the  spiral  line  which  formed  the  limit 
of  the  net  upon  the  side  toward  a  fence  post,  but  on  the  other 
three  sides' (the  toji,  the  bottom,  and  the  right  side)  the  net  was 
extended  by  ten  looped  lines:  this  augmentation  of  the  lower 
region  of  the  net  would  leave  the  centre  of  radiation  above  the 
geometrical  centre,  as  Emerton  states  to  be  the  case  (Am.  Kat., 
II,  478)  with  E,  vulgana,  but  without  explaining  whether  it  is  due 
to  the  addition  of  independent  lines  or  of  loops  or  the  increase  of 
the  spaces  between  the  spiral  lines. 

Now  since  all  these  spiders  hang  from  the  lower  surface  of  the 
inclined  net,  and  always  head  dotmiward,  it  is  evident  that,  for 
the  larger  ones  especially,  it  must  be  very  much  easier  to  reach 
even  a  distant  point  below  Iheir  level,  or  even  at  one  side,  than  to 
turn  and  ascend  ;  and  if  it  shall  prove,  upon  closer  scrutiny  than 
has  yet  been  given,  that  the  true  EpeiridcB  may,  ui)on  occasion, 
and  under  any  circumstances,  construct  a  part  of  their  nets  of 
looped  lines,  it  might  be  conjectured  that  a  habit  thus  formed  would 
become  confirmed,  intensified  and  transmissible  ;  Nephila  might  in 
this  way  be  regarded  as  a  derivative  from  EpeiraJ 

The  simple  triangular  net  of  Hyptiotes^  with  its  uniform  number 
of  radii  and  small  number  of  cross  lines,  might  be  regarded  per- 
haps as  a  further  specialization  "from  that  of  JVep/nVa,  the  circle  of 
the  Epeira  being  now  reduced  from  five-sixths  to  one-sixth  of  its 
area,  and  the  dry  space  above  the  centre  in  the  net  of  Nephila, 
represented  by  a  single  radius,  the  apex  line  ;  but  in  some  respects 
it  is  easier  to  compare  the  net  of  Hyptiotes  with  that  of  Epeira 
calophylla;  the  apex  line  would  then  represent  the  single  free 
radius.  The  ordinary  Epeiridce^  as  well  as  Nephila,  are  accustomed 
to  vibrate  their  nets,  when  touched  by  insects,  and  this  habit  may 
be  the  basis  of  the  remarkable  method  by  which  Hyptiotes  en- 
tangles its  prey. 

Repair  op  nets. — It  is  known  that  the  Epeiridce  renew  the  entire 
net  occasionally,  and  they  have  been  seen  to  chew  it,  for  the  pur- 
pose, apparently,  of  extracting  the  gum.  In  most  cases,  the 
Nephila  renews  only  one-/iaZ/ of  its  net,  which  varies  from  one  to 

TA  coropnriton  of  their  forniB  looks  the  same  way ;  for  the  yonng  Nephila  is  roand 
bodied  like  the  Theridicnj  and  makes  ntflrst  a  similarly  irregular  net  of  lines  crossing 
In  all  directions;  later  it  passes  through  the  more  elongated  form  of  the  ordinary  KpHra 
and  Anally  attains  the  almost  cylindrical  outline  proper  to  Its  gvnus.  See  previous 
paper. 

A.  A.  A.   S.   VOL.  XXII.      B.  (18) 
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three  feet  in  diameter ;  it  cuts  the  net  in  two  verticall}',  and  stuffs 
the  mingled  silk,  gum  and  dust  between  its  jaws,  chewing  it  for  sev- 
eral liours,  and  finally  rejecting  a  black  and  ver}'  hard  pellet  which 
seems  to  consist  almost  entirety  of  dust :  the  half  of  the  net  thus 
destroyed  is  then  renewed  by  looped  lines  necessaiHly.  The  next 
da}',  the  other  half  may  be  renewed  in  like  manner. 

It  would  appear  that  most  Epeiridce  renew  the  entire  net  at  once  ; 
but  it  will  be  worth  while  to  notice  whether  the  larger  species  do 
not,  like  Nephila,  renew  onl}'  one-half  at  a  time,  for  if  so,  Ihey 
must  employ  looped  lines  instead  of  a  continuous  spiral. 

As  stated  above,  the  entire  net  of  Hyptiotes  is  usually  destroyed 
in  the  capture  of  a  single  insect;  and,  as  the  rejected  pellet  is 
quite  dry,  we  may  infer  that  the  spider  appropriates  the  viscid 
portion  of  the  net  enveloping  the  prey. 

I  shall  probably  propose  the  name  Americanus  for  this  species 
oi Hyptiotes;  for  although  this  maybe  the  species  referred  to  by 
Hentz  as  Cyllopodia  cavata,  yet  his  description  and  figure  are  in- 
sufficient for  identification. 


The  Need  of  a  Uniform  Position  for  Anatomical  Figures. 
By  Burt  G.  Wilder,  of  Ithaca,  N.  Y. 

The  convenience  of  a  uniform  position  for  anatomical  figures  is 
sufficiently  evident  to  all  and  the  neglect  of  such  uniformity  is  a 
source  of  delay  and  even  misinformation  to  beginners.  The  posi- 
tion with  head  to  the  left  is  advocated  partly  because  it  is  more 
natural,  in  dissection  and  drawing ;  partly  because  the  only  author, 
Professor  Agassiz,  whose  figures  are  uniformly  placed,  many  years 
ago  chose  that  position,  as  may  be  seen  in  the  ^'Poissons  fossiles." 

The  figures  in  Huxley's  and  in  Owen's  Comparative  Anatomy  of 
Vertebrates  are  often  scarcely  intelligible,  on  account  of  reversed 
positions,  and  the  larger  number  of  authors  seem  to  regard  the 
matter  as  of  no  importance  whatever. 
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Lateral  Position  of  the  Vent  in  Amphioxus  and  in  the  Laryje 
OF  Bana  pifiens.     By  Burt  G.  Wilder,  of  Ithaca,  N.  Y. 
The  posterior  opening  of  the  alimentary  canal  in  Amphiooma 
lanceolatus  has  been  so  variously  described  and  figured  that  a  brief 
bistorical  sketch  is  here  given. ^ 

Historical  sketch. — It  does  not  appear  that  Pallas  or  Costa  or 
Yarrell  remarked  any  peculiarity  in  the  cloacal  region,  and  I  have 
not  seen  the  earlier  papers  by  Retzius  and  Miiller.  Couch  (4 
(1838)  882)  merely  states  that  "  the  vent  is  at  the  length  of  one- 
third  of  the  body  from  the  tail,"  but  as  in  all  my  specimens  the 

>The  following  list  probably  includes  all  the  impoi'tant  original  papers  upon  this 
genus;  in  the  text  they  will  be  referred  to  by  their  numbers  as  here  arranged ;  the  last 
number  will  indicate  the  po^e,  and  the  middle  one,  when  it  occurs,  the  volume;  the  list 
of  general  works,  in  which  Amphioxus  is  mentioned,  occurs  upon  page  278. 
BiBLiOGRAPHT  (Special  papers). 

1.  Pallas,  Spicilegla  zcologica,  fasc,  xv,  p.  19,  fig.  11,  t. 

2.  Costa,  Annuario  zoologlco,  1834. 

8.  Yarreil,  History  of  British  Fishes,  1&S6,  p.  468  (2nd  ed.  ii,  p.  618,  .Srd  ed.  I,  p.  1). 

4.  Couch,  Mag.  of  Nat.  Hist..  1838,  p.  881. 

5.  Couch,  Fishes  of  Brit.  Islands,  p.  415,  pi.  248  (date  ?). 

6.  Costa,  Fauna  del  regno  di  Napoli,  1839. 

7.  Retzius,  Monatsbericht  der  Akademie  der  Wissenchaften,  1889,  p.  197. 

8.  Rathke,  Bemerkungen  liber  den  Bau  des  a.  2.,  1841. 

9.  Sundevall  and  LOven,  F5rhandi.  Sknnd.  Natui-f.  2nd  mSde,  KJSbenh.,  1841,  p.  280. 

10.  Goodsir,  Trans.  Roy.  Soc.  Edinburg,  xv,  p.  1  and  Ann.  of  Nat.  Hist.,  y  il,  346, 1811 ; 
also  Anatomical  Memoirs,  vol  1. 

11.  Miiller,  Ueber  den  Bau  und  die  Lebenserscheinungen  des  a.  I,  Abhandl.  Ak.  Wiss. 
Berlin,  1842,  pp.  79-llG,  Taf.  1-9. 

12.  KOiliker,  Ueber  das  Geruchsorgan  yon  A,  Archly,  flir  Anat,  1843,  pp.  3-3-35;  Taf. 
11,  flg.  A. 

13.  Quatrefages,  Comptes  rendus,  xxl,  p.  519, 1815. 

II.  Quatrefageft,  Snr  V  Amphioxw,  Ann.  des  Sciences  Nat.,  1815,  pp.  197-248,  pi.  x-xlil. 

15.  Gray,  A.  belcheri,  Proc.  Zool.  Soc,  1847,  p.  85. 

16.  MUller,  Monats.  Akad.  Wissen.  Berlin,  1851,  p.  474. 

17.  Sundeyall  {Branchiostomi  elongatum)  Oefuers,  Vet.  Ak.  FOrhandl.  1852,  p.  147. 

18.  Sundevall  (fi.  caribaum)  Op.  ciU  1853.  p.  11. 

19.  Max  Schultzc,  Verhandl.  Naturhist.  Vereins  preuss.  Rhelnl.,  xix.  Sitzungsber. 
p.  197.  Also  in  Siebold's  and  KOiliker's  Zeitschrift,  iy,  1852,  p.  416,  taf.  13,  llgs  5  and  6. 

20.  Kroyer,  Danm.  Fisk,  ill,  p.  1,087  (date  ?}. 

21.  Steenstrup,  Oefuers.  Dansk.  vld.  Selnk.  FSrhandl.  (1863)  1864,  p.  238. 

22.  Marousen,  J.,  Comptes  Uendus,  1864,  pp.  479-48.i.  Also  in  Ann.  and  Mag.  of  N.  H. 
1864,  xiv.  pp.  151  and  319.    Also  in  Rev.  et  Mag.  Zool.,  1864,  xvi,  p.  79. 

23.  Kowalewsky,  Mem.  Ac.  Sc.  St.  Pctersb.,  1867,  xi,  No.  iv,  pp.  16,  3  pi.  abstract  of 
same  in  Bibl.Univ.  Art.  25, 1866,  Bull.  Sci.,  pp.  193-193,  trnnsl.  In  Ann.  and  Mag.  of  Nat. 
Hist.,  1867,  p.  69. 

24.  Bert.  Comptes  Rendus  1867,  p.  364  or  Ann.  and  Mag.  of  N.  H.,  xx,  p.  302. 

25.  Owsjannikow,  BuU.  de  la  Ac.  Inipe.  des  Sci.  de  St.  Fetersb.,  tome  xiii,No.  4,  pp. 
287-302,  1868. 

20.  Moreau.  Obs.  snr  la  struct,  de  la  corde  dors.  Comptes  Rendus,  Mny  1870,  p.  1006* 
27.  Moreau,  Notesur  la  region  cranienne,  Comptes  Randa^i,  May  1870,  p.  1189. 


.     Digitized  by  VjOOQIC 


276  B.      NATURAL  BISTORT. 

post  ventic  region  forms  only  |  or  |  of  the  whole  length,  Couch 
probably  referred  to  the  "  abdominal  pore."  It  is  worthy  of  note, 
however,  that  Couch's  figure,  though  rude  and  in  some  respects 
inaccurate,  rightly  indicates  the  fact,  apparently  overlooked  by  all 
other  observers  before  and  since,  that  the  ventral  border  of  the 
left  muscular  mass  retreats  a  little  at  the  cloacal  region  (as  shown 
in  my  figures)  so  as  to  expose  the  mesial  surface  of  the  right  mus- 
cular mass  or  the  cloaca  itself  when  distended. 

Goodsir  (10  (1841)  382)  says  ''The  anus  is  in  the  form  of  a 
longitudinal  slit,"  as  appears  also  in  all  his  figures,  one  of  which 
is  reproduced  herewith  (Fig.  1,  G).  These  figures  have  the  loca- 
tion of  the  vent  nearly  correct  in  proportion  to  the  length  of  the 
body,  but  the  author  states  that  the  ''  anal  fin  is  interrupted  at  the 
anus,"  375,  whereas  it  is  usuall}^,  if  not  always,  widest  at  that 
point.  It  must  be  remembered,  however,  that  Goodsir's  observa- 
tions were  confined  to  two  individuals^  and  his  dissections  to  but 
one  of  these,  and  while  correcting  liis  errors,  we  are  more  inclined 
to  wonder  at  the  amount  of  new  information  which  he  obtained 
from  so  scanty  material. 


Fig.  1,  G.  Hinder  part  of  Amphioxu*^  from  bolow ;  copied  from,  Goodfiir,  PI.  1,  Fig.  i. 
M.    The  same,  IVom  the  left  side;  copied  from  MUller.  11,  Taf.  1,  Fig.  1. 
Q.    The  same,  ftom  the  left  side;  copied  fW>m  Quatrefages,  PI.  xiil|  Fig.  1. 

From  his  second  paper  (11,  1842)  it  appears  that  Miiller  had 
plenty  of  material ;  he  rightly  locates  the  vent  opposite  the  broad 
part  of  the  caudal  fin  (as  seen  in  Fig.  1,  M)  making  the  intestine 
project  slightly  as  a  narrow  tube  with  oval  orifice ;  his  description 
is  as  follows  (translated)  :  '^  The  vent  lies  on  the  left  side  of  the 
abdominal  fin  ;  this  anomalous  position  of  the  vent  upon  one  side 
of  the  anal  fin  recalls  a  similar  peculiarity  with  Lepidosiren ;'*^ 
both  figure  and  description  show,  therefore,  that  Miiller  supposed 
the  vent  of  Amphioxus  to  differ  from  that  of  most  vertebrates, 
merely  in  its  lateral  posiiion,  and  no  allusion  is  made  to  the  pecul- 
iarity in  the  concluding  general  remarks. 

3  It  will  be  seen  hereafter  that  la  this  genus  the  condition  of  things  is  quite  unlike 
that  in  Amphioxus, 
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In  the  somewhat  extended  paper  of  Quatrefages  (14)  it  is  not 
easy  to  separate  his  own  observations  from  his  summary  of  pre- 
ceding ones ;  as  seen  in  Fig.  1,  Q,  the  vent  is  the  oval  orifice  of  a 
simple  tube  which  opens  far  in  advance  of  the  expanded  caudal  fin, 
which  also  is  shown  rather  shorter  than  is  natural ;  as  in  Miiller's 
figure,  however,  the  vent  is  correctly  shown  to  the  left  of  the 
^^  abdominal  segmented  canal." 

Quatrefages*  description  (translated)  is  as  follows  :  "  The  anus 
lies  at  a  point  where  the  membranous  border  enlarges  into  a  lancet 
form,  it  opens  upon  the  left  side  of  the  abdominal  surface  of  the 
body,  close  to  (toutaupres)  a  membrane  which  occupies  the  median 
line."  p.  201. 

Later  observers  seem  to  have  overlooked  the  "  anomalous  loca- 
tion of  the  vent,"  referred  to  by  Miiller  and  Quatrefages. 

The  formation  of  the  anus,  by  a  gradual  constriction  of  the 
borders  of  the  "  secondary  cavity,"  is  described  by  Kowalewsky 
(23,  pages  3,  4,  5,  7) ;  the  figures  of  the  earliest  stages  indicate 
that  the  anus  is  median  ;  some  of  the  later  ones  show  it  as  if  on  the 
left  and  others  as  if  on  the  right  side  ;  but  the  text  nowhere  refers 
to  any  unsymmetrical  position,  which  is  the  more  noteworthy  be- 
cause attention  is  called  (10)  to  the  unsymmetrical  character  of 
the  oral  aperture. 

We  may  conclude  that  our  author,  while  no  doubt  well  aware  of 
the  general  opinion  respecting  the  vent  of  the  adult,  did  not  under- 


Fig  2  (copied  from  Kowalewsky).  Entwick  des  Amphioxus;  the  caudnl  region  of 
the  embryos  shown  in  Figs.  2*2, 23,  and  28,  coiTesponding  to  A,  B,  and  C,  respectively. 

A.  An  embryo  of  sixteen  honrs,  seen  from  above,  showing  the  outline  of  the  intes- 
tine which  narrows  and  opens  at  the  anus  a  apparently  upon  the  dorsal  region  of  the 
body,  with  a  single  series  of  ciliated  epithelial  cells  behind  it. 

The  letters  R  and  L  are  added  better  to  designate  the  relative  posiUon  of  parts. 

B.  An  embryo  of  twenty-four  hours,  seen  from  the  right;  a,  the  anus  which  appears 
to  open  on  the  right  side  of  the  body. 

C.  An  older  embryo  seen  ft-om  the  left,  on  which  side  the  anus  appears  to  open ;  and 
this  is  the  more  contusing  from  the  considerable  backward  extension  of  the  caudal 
region. 

No  reference  is  made  in  the  text  to  the  exact  position  of  tbeoriflce. 
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take  to  elucidate  the  manner  in  which  this  condition  was  reached ; 
although,  had  he  so  chosen,  his  opportunities  and  the  skill  else- 
where displayed  would  have  enabled  hira  to  clear  up  the  obscurity 
which  now  rests  upon  it. 

Most  systematic  works  and  zoological  text  books^  published 
since  the  discovery  of  Amphioxtia  include  more  or  less  complete 
accounts  of  its  structure ;  but  as  their  authors  have  not  published 
separate  papers  upon  the  subject,  one  can  only  conjecture  the 
extent  of  originality  in  their  descriptions. 

The  recent  and  very  complete  work  of  Claus  (51)  states  that  the 
"  vent  is  somewhat  laterally  placed ;"  and  further  (p.  830)  that 
the  development  (according  to  Kowalewsky)  involves  "  striking 
asymmetry  with  respect  to  the  mouth,  vent,  "  etc. 

Schmarda  (52,  302,  fig.  501)  gives  a  somewhat  altered  copy  of 
the  figure  from  Quatrefages,  but  no  reference  to  the  vent. 

Huxley  (55,  p.  117)  says  that  the  ^'  anal  aperture  is  a  little  to 
the  left  of  the  median  line,"  yet  his  figure,  apparently  copied  from 
Miiller,  is  reversed  so  as  to  bring  the  vent  upon  the  right  of  the 
anal  fin. 

Troschel  (59,  284)  says  that  *^  the  fin  passes  to  the  right  of  the 
vent." 

Owen  (56,  1,  31,  fig.  23)  gives  a  purely  diagrammatic  figure  of 
the  organs  of  Amphioxus^  in  which  the  intestine  opens  on  the 
median  line,  and  the  text  contains  no  allusion  to  a  peculiarity  in 
that  region. 

Clark  (60,  fig.  226)  copies  Owen's  diagram  without  comment; 
and  Gegenbauer  (53,  788),  in  like  manner,  copies  Quatrefages, 
merely  saying  (p.  799),  "  Die  Cloaken  bildung  fehlt  bei  Am- 
phioxus," 

Haeckel  offers  a  figure  (61,  Taf.  xiii),  which  mainly  resembles 

*  SYSTEMATIC  WORKS  (an*angcd  In  no  special  order). 

U.  Claas.  Grundzuge  der  Zoologie,  1872,  828. 

52.  Schmarda,  Zoologie,  302,  flg.  501. 

58.  Gegenbauer,  Vergl.  Aiiat.,  1870,  778,  flg.  256. 

54.  Rolleston,  Forms  of  Animal  Life.  1870,  Ixxxlv. 

95.  Haxley.  Anat.  of  Vert.  Animnle,  1871. 116,  figs.  28  and  39. 

56.  Owen,  Comp.  Anat.  and  Phyt.  of  Vert.  1, 81,  flg.  23. 

57.  AgasslE  and  Gould,  Principles  of  Zoology,  1848,  181,  fig.  153.    (Shows  correctlj 
the  position  of  vent.) 

58.  Vandor  Hunven,  Hand  book  of  Zoology,  56, 18)8. 

59.  Troschel,  Handbuch  der  Zoologie,  1871. 

60.  Clark.  H.  J.,  Mind  in  Nature,  1805. 

61.  Haeckel,  NatUrliche  Sch^pfungKgeschichte,  1872. 

62.  Gunther,  Catalogue  of  Fishes  in  tlic  British  Museam,  vol.  viii. 
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that  of  Qaatrefages;  and  Gunther  (62,  513)  enumerates,  among 
the  generic  characters,  ^'a  low  rayless  fin  runs  past  the  vent;" 
so  far  as  I  know  the  point  is  not  alluded  to  by  other  systematic 
writers. 

It  appears,  therefore,  that  to  many  the  lateral  position  of  a  nor- 
mally median  primary  opening  seems  to  require  no  meniion,  and 
that  when  the  asymmetry  is  alluded  to,  it  is  not  certain  whether 
the  vent  is  lateral  and  the  fin  median,  or  the  reverse. 

The  reception  of  a  large  number  (about  one  hundred  and  fifty) 
of  specimens,  well  preserved  in  spirit,^  and  the  subsequent  oppor- 
tunity of  examining  sixty  specimens  from  the  poast  of  Florida, 
belonging  to  the  Museum  of  Comparative  Zoology,^  have  enabled 
me  to  investigate  this  point  quite  fully. 

Nothing  of  the  exact  structure  of  the  vent^  can  be  made  out 
with  the  naked  eye ;  in  addition  to  the  dissection  of  many  indi- 
viduals under  the  lens,  I  have  made  about  two  hundred  micro- 
scopic sections  of  the  cloacal  region ;  and  the  following  account 
is  based  upon  their  careful  and  prolonged  comparison. 

It  would  be  more  amusing  than  instructive  to  enumerate  the 
many  and  different  opinions  successively  formed  in  the  course  of 
this  investigation  before  the  present  conclusion  was  reached,  and 
while  admitting  the  possibility  that  the  true  condition  of  things  is 
not  yet  known,  I  shall  ask  of  the  critic  to.  state  the  amount  of 
material  upon  which  his  contrary  opinion  is  based.  I  am  well 
aware  of  the  insuflSciency  of  both  figures  and  description,  espec- 
ially in  respect  to  the  minute  anatomy  of  the  tissues  ;  upon  some  of 
these  points  I  have  nearly  made  up  my  mind  ;  but  as  all  of  them 
are  more  or  less  involved  in  the  general  structure,  and  some  of 
them  are  quite  differently  represented  by  different  authors,  it  seems 

*  Collected  afe  Naples  and  eent  by  mail  by  my  Mend  and  former  student,  W.  S.  Bar- 
nard, ».  B. ,  Ph.  D. 

*  Just  as  this  paper  is  going  to  press,  Prof.  Putnam  has  kindly  loaned  roe  two  speci- 
mens ftom  the  Florida  Coast  which  agree  so  entirely  with  the  specimens  belonging  to 
the  Mus.of  Comp.  Zoology,  and  are  so  immediately  distinguishable  A*om  the  Naples 
specimens,  in  form  and  in  the  proportions  of  the  regions,  that  I  feel  almost  assured  of 
the  specific  distinctness  of  the  Amphioxus  from  the  two  localities;  but,  as  will  be  ex- 
plained farther  on,  no.conclusion  upon  this  point  can  be  regarded  as  reliable  unless 
based  upon  the  accurate  measurement  of  many  specimens,  and  the  enumeration  of 
the  segments  composing  their  dilToreiit  regions;  this  will  talce  time,  but  will  be  done 
aa  soon  as  possible. 

*  The  terms  cloaca  and  vent  we  here  used  provision  illy ;  at  present,  notwithstanding 
all  that  Is  known  of  the  different  morphological  and  physiological  relations  of  the  all. 
mentary,  urinary  and  generative  outlets  in  vertebrates,  as  briefly  stated  Ijy  Huxleyi 
109, 131|  138,  the  above  terms  are  not  clearly  discriminated  from  rectum  and  anw. 
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better  to  defer  a  discussion  of  tliera  until  the  completion  of  itlie 
study  which  I  am  now  making  of  the  entire  organization  of  this 
lowest,  and  in  most  respects,  anomalous  vertebrate.  This  paper 
way  be  regarded  as  a  preliminary  notice  of  a  single  part  of  the 
subject. 


Pig.  3.    A.  Amphioxus;  seen  ftom  the  left,  natural  size ;  V,  the  rent. 
AP.    The  abdomiiiAl  pore. 

B,  C,  D.    TrnnsverHe  sections  at  middle  of  body  to  show  different  condi 
tions  of  ventral  whII  in  different  individuals. 

B.  A  cross  section  of  the  body  at  the  middle  or  Us  length,  showing  the 
"abdominal  groove." 

C.  The  same  of  a  Plorida  specimen,  !n  which  the  abdomen  is  flat,  or  but 
slightly  convex. 

D.  The  same  of  a  Naples  specimen,  full  of  eggs,  in  which  the  abdominal 
groove  is  obliterated. 

The  simplest  presentation  of  the  subject  will  be  an  explanation 
of  the  figures. 

Fig.  3  shows  an  Amphioxua  (from  Naples)  of  the  natural  size, 
head  to  the  left ;  no  details  of  structure  are  given,  but  there  is  no 
question  respecting  the  existence  of  an  expanded  vertical  fin  around 
both  ends  of  the  body ;  the  notch  V  indicates  the  location  of  the 
vent,  and  tlie  notch  AP  the  location  of  the  abdominal  [>ore. 

Most  of  the  Naples'  specimens  present  the  abdominal  groove 
described  and  figured  by  Miiller  as  formed  by  two  lateral  folds  of 
the  integument  extending  from  the  mouth  to  the  abdominal  pore 
(Fig.  3,  B)  :^  a  specimen  sent  from  Naples  by  Prof.  Pancirito  the 
Museum  of  Comparative  Zoology  is  distended  by  the  enlarged  re- 
productive organs,  and  these  folds  are  wholly  obliterated^  together 
with,  of  course,  the  gioove  (Fig.  3,  D)  ;  and  most  of  the  Florida 
specimens  (taken  in  May),  in  which  the  reproductive  organs  are 
less  bulky,  have  loose  ventral  parietes,  as  if  regaining  the  grooved 
condition  during  the  gradual  discharge  of  the  reproductive  pro- 
ducts (Fig.  3,  C),  so  it  is  quite  possible  that  the  folds  and  grooves 
are  periodical  appearances  for  the  accommodation  of  the  repro- 
ductive development. 

Position  of  the  vent. — The  position  of  the  vent  with  respect 
to  the  fin  and  length  of  entire  body  is  very  diflferently  represented 

T  A  similar  groove  exists  in  the  male  pipo-flsli  {SyngncUhuB)  but  is  located  behind 
the  vent. 
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by  Miiller  and  Qnatrefages  ;  in  all  mj  Naples  specimens  the  vent 
is  as  in  Miiller's  figure  opposite  that  part  of  the  fin  which  first 
gains  its  greatest  depth,  passing  from  before  backward  or  just 
before  it  begins  to  decrease  in  depth,  passing  from  behind  forward.® 

In  one  of  the  larger  specimens  from  Naples  .045,  in  length  (about 
two  inches)  the  vent  is  .005,  from  the  tip  of  the  tail,  and  the  ab- 
dominal pore  .009,  in  front  of  it,  or  .014,  from  the  tip ;  the  latter 
opening  is  therefore' about  one- third  of  the  length  from  the  tip 
and  the  former  one-ninth.  Or,  assuming  the  length  of  the  body 
to  be  100,  the  post  poral  region  is  .31  and  the  post  cloacal  region 
.11. 

Mijller's  figure  yields  the  following  ratio,  post  poral  region  .18, 
post  cloacal  region  4,  while  according  to  Quatrefages'  figure  the 
post  poral  region  is  .41  and  the  post  cloacal  .23.  But  as  one  of 
the  Florida  specimens,  .043  in  length,  gives  the  same  regions  as 
.26  and  .9  respectively,  we  may  infer  the  existence  of  considerable 
variation.  It  is  my  intention  to  present  a  large  series  of  accurate 
measurements  of  specimens  from  various  localities  as  one  element 
in  the  determination  of  specific  or  variety  differences. 

TABLE  OF  PROPORTIONS  OF  AMPHIOXUS,  AS  DERIVED  FROM  SPECIMENS 

FUOM  NAPLK8  AND  FIX)RIDA,  AND  FROM  THE  FIGURES  OF 

MOLLER  and  QUATREFAGES  (IN  MILLIMETERS). 


Total  length. 

■       1 

5^ 

II 

4 
If 

4 

'1 

X  fl|>l68.  •••••........**•.. 

.046, 
.043. 

.oa's, 

.11 

.09 
.23 

.009 

.81 

Florida 

,25 

Mttller 

,13 

Quatrefaires 

,41 

The  VENT  AND  THE  FIN. — Leaving  out  of  view  for  the  present 
the  absolute  position  of  the  vent  with  respect  to  the  median  line, 

•  In  many  nicohollo  Bpecimens,  especially  those  from  Naples,  the  fin  Is  can*ied  to  the 
left  and,  as  it  were,  wrapped  over  the  entire  cloacnl  region  (as  indicated  in  the  Fig.  6  C) 
and  this  in  connection  with  the  peculiarly  protected  orifice  of  the  vent,  the  sharpness 
of  the  U\\\,  and  the  suspected  exicitence  of  a  caudal  sense  organ  suggests  the  possibility 
of  occasional  retrograde  locomotion. 
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it  is  desirable  to  confirm  tbe  general  opinion  that  it  lies  to  the  left 
of  the  abdominal  (caudal  or  anal)  Jin. 

I  first  selected,  at  random,  fifty  specimens  from  the  Naples  lot, 
and  carefully  introduced  a  black  bristle  into  the  vent.  The  naked 
eye  can  hardly  detect  a  difference  between  the  two  sides  of  the 
cloacal  region,  but  the  bristle  would  never  enter  the  right  side, 
while,  by  a  little  preliminary  movement  to  the  right  (the  necessity 
for  which  will  appear  farther  on),  it  readily  entered  upon  the  left 
side  of  the  fin.* 


Fig.  4.  Minder  extremity  of  AmphioxtUy  magnified  about  ten  diameters.  (For  fuller 
explanation,  see  the  text  and  tbe  explanation  of  the  lettering  upon  the  next  page.) 

Forty  more  of  the  same  lot  were  examined  in  other  ways  either 
by  section  or  dissection,  with  the  same  result.  All  of  the  sixty 
Florida  specimens  were  afterwards  examined,  and  the  vent  found 
to  open  always  upon  the  left  of  the  fin.*® 

We  may  fairly  conclude  from  these  one  hundred  and  fifty  spec- 
imens, that  in  the  Amphioxus  of  the  Mediterranean  and  of  the 
Florida  coast,  the  vent  opens  to  the  left  of  the  abdominal  fin ; 
and  that  exceptions  will  probably  be  as  few  as  are  the  cases  of 
transposition  of  viscera  with  men,  and  not  to  be  compared  with 
the  exceptions  to  the  rules  as  to  '^blind  sides"  among  Pleuronec- 
tidoe. 

*  In  order  to  avoid  some  errors  into  which  I  was  led,  I  wonld  add  that  specimens  so 
treated,  however  carefully,  are  not  fitted  for  sections  or  for  minute  examination  of  the 
cloacal  region ;  the  cloacal  valve  is  apt  to  be  ruptured  or  distoited,  and  the  pressure  of 
the  bristle  unnaturally  prolongs  the  cloacal  notch. 

**  These  specimens  are  less  well  preserved  than  the  others,  and  either  fk'om  this 
cause,  or  from  a  difference  in  the  natural  width  of  the  body  (into  which  I  shall  Inquire 
with  a  view  to  possible  specific  difference),  it  is  easier  to  see  tbe  parts  with  the  naked 
eye  or  a  feeble  lens. 
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DS  —  Dorsal  segmented  canal. 

F  —  Faeces. 

HNA  —  Hypemenrnl  arch. 

HNC  —  Hyperneural  canal. 

I~inteftine. 

IC  -» Inner  (mncous  ?)  coat  of  intestine. 

IS  —  Intermuscular  septum. 

ICC  —  Inner  (mucous  ?)  coat  cells. 

M  -—  Mesentery. 

MC  —  Middle  (muscular  ?)  coat  of  intestine. 

My  —  Muscular  mass. 

N  —  Notochord  (ihe  thick  wall  of  the  tube). 

NS  —  Notochordal  sheath    (of  connective 

tissue). 
NL  —  Notochordal  laminaB  (contents). 
N A— Neural  aich. 
NC  —  Neural  canal. 
Nu  —  Nucleus. 
P  —  Peritoneum,  lining  abd.    cavity   and 

covering  intestine. 
PG  —  Pijsment  granules  of  cord. 
PC  —  Posterior  aspect  of  cloaca. 
SC  —  Spinal  cord. 

SM  —  Sphincter  muscle  of  cloacal  valve. 
T  —  Integument. 
TC  —  Tegumentary  cells. 
V  —  Vent  or  cloacal  aperture. 
Z  —  Supposed  caudal  sense  organ. 

or  muscular  segments  beginning  with  that 


The  following  explanation  of  the  letteiing  applies  to  all  the 
figures  of  Amphioxus. 

Ac  —  Aorta. 

AC—  Abdominal  cavity. 

AF—  Ab4l.  Mn  (anterior  to  caudal  expan- 
sion). 

AFo  — Abd.  folds. 

AG  —  A  bd.  sri-oove. 

AL—  Abd.  lamina  (lateral). 

AMS  —  Abd.  mediau  septum. 

AR— Abd.  ridge. 

AS  —  Al)d.  segmented  canal. 

AP  —  Abd.  pore. 

B  — Basement  membrane. 

CI  -  Cloaca. 

CIR— Cloacal  ridge. 

CIN  —  Cloacal  notch. 

CIS  —  Cloacal  sinus. 

CIV  —  Cloacal  valve. 

CIA  —  Cloacal  aperture  or  vent. 

CF  — Caudal  fln. 

CB— Caudal  fln  rays  (only  three  shown 
above  and  below). 

CNe  —  Caudal  nerves. 

CC  —  Central  canal  of  spinal  cord. 

Ci- Cilia. 

DF  —  Dorsal  fln  (anterior  to  caudal  expan- 
sion). 

DR  —  Dorsal  ridge. 

DFi  —  Dorsal  (posterior)  fissure  of  spinal 
cord. 
1, 3,  3,  4,  5,  etc.    Candal  myocommata 

which  first  abuts  upon  the  cloaca. 

Fig.  4  represents  the  caudal  region  magnified  about  ten  diam* 
eters  ;  it  is  in  part  diagrammatic,  so  as  to  include  more  features 
than  could  be  really  seen  upon  a  single  specimen  without  dissec- 
tion. The  notochord  (NN)  is  shown  in  its  whole  length,  tapering 
gradually  backward.  Only  the  hinder  end  of  the  spinal  cord  (SC) 
is  shown,  but  its  course  is  indicated  by  the  pigment  granules  (PG)  ; 
which  form  a  double  row  upon  the  sides  of  the  median  line  through- 
out the  whole  length  of  the  body  excepting  near  the  head  (as 
shown  by  Miiller  and  Owsjannikow)  and  near  the  posterior  ex- 
tremity ;  none  of  my  specimens  show  them  beyond  the  point  where 
the  muscular  segments  seem  to  cease,  mainly  about  .000,5  from 
the  tip  of  the  cord ;  as  shown  by  Owsjannikow,  the  granules  are 
not  generally  opposite  each  other,  or  at  regular  intervals,  in  my 
specimens.  ^^ 

Three  spinal  nerves  are  shown  (CNe)  of  which  the  most  anterior 

11  The  cord  is  shown  ending  in  a  simple  and  free  manner,  but  I  have  several  prepa- 
rations which  Indicate  some  connection  between  its  extremity  and  what  appears  to  be 
a  funnel-shaped  canal  lending  from  the  surface  at  the  point  Z.  I  shall  make  this  a 
matter  of  special  investigation  hereafter;  Quatrefages  describes  the  tip  of  the  cord  as 
enlarged,  but  is  not  certain  of  the  constancy  of  that  peculiarity. 

The  precise  histology  of  this,  as  of  all  other  parts,  can  only  be  determined  and  il- 
lustrated by  very  numerous  preparations  ;in  different  aspects  and  by  much  enlarged 
figures. 
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has  a  ventral  as  well  as  a  dorsal  division.     (Compare  Qtiatref., 
14,  pi,  xii,  fig.  1. 

Excepting  in  very  small  specimens,  the  nerves  can  be  seen  only 
after  carefully  stripping  off  the  integument,  and  the  same  is  nec- 
essary in  order  to  see  the  caudal  Jin  rays  (CFR). 

Caudal  FIN  rays. — I  am  quite  sure,  from  numerous  observations 
upon  small  specimens  from  which  the  skin  was  removed,  that  the 
rays  whose  cut  ends  appear  upon  vertical  section  of  the  caudal 
region  arise  in  a  continuous  series  along  the  dorsal  and  ventral 
borders  of  the  body,  at  least  as  far  forward  as  the  vent  and  run 
forward  almost  horizontally.  Several  short  r&y 8  are  represented  by 
MiJller  (11,  Taf.  1,  Fig.  3  and  p.  88)  rising  near  the  tip  of  the  tail 
and  inclining  slightly  forward.  I  am  certain  that  these  rays  con- 
tinue uninterrupted,  and  without  branching  over  several  segments ; 
but  I  have  not  yet  assured  myself  of  their  precise  distribution, 
nor  in  what  way  they  are  accommodated  in  the  narrower  fin  in 
front  of  the  vent :  I  venture  therefore  to  show  only  three  rays 
above  and  below. 

As  represented  by  all  authors,  the  myocommata  (muscular  seg- 
ments) incline  backward  at  their  dorsal  and  ventral  extremities 
so  as  to  form  a  pretty  regular  curve  the  greatest  convexity  of 
which  lies  just  opposite  the  notochord  ;  the  ventral  moiety  is  the 
longer  (excepting  near  the  tip  of  the  tail)  and  seems  to  extend 
farther  back  than  the  dorsal ;  but  there  seems  to  be  no  secondary 
dorsal  and  ventral  curve  as  in  ordinary  fishes. 

But  there  are  dorsal  and  ventral  longitudinal  structures,  which 
have  been  so  variously  described  that,  at  present,  I  prefer  to  des- 
ignate them  merely  as  the  dorsal  ridge  (DR)  and  abdominal  ridge 
(AR)  and  their  cavities  as  dorsal  and  abdominal  segmented  canal 
(DSC  and  ASC). 

Whatever  may  be  the  precise  nature  and  functions  of  this  struct- 
ure, however,  it  is  in  direct  relation  with  the  root  of  the  fins  and 
will  form  an  element  in  the  question  of  the  position  of  the  fins 
and  the  vent  in  respect  to  the  median  linp.  The  dorsal  ridge 
extends  backward  upon  the  median  line  almost  to  the  final  myo- 
comma  (this  is  shown  in  any  lateral  view,  but  I  have  not  yet  car- 
ried sections  into  that  region).  The  abdominal  ridge,  in  like 
manner,  is  median  from  the  abdominal  pore  (not  shown)  backward 
upon  the  median  line,  to  where  the  abdominal  fin  expands  into  the 
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caudal ;  here  it  decreases  in  size  more  rapidly  than  the  dorsal 
ridge  does  at  a  corresponding  point  (although  the  interspaces  are 
not  shorter)  and  wholly  disappears  from  the  lateral  view  at  the 
commencement  of  the  cloacal  region  (its  continuation  will  be  seen 
in  the  sections),  nor  does  it  appear  again  in  the  post  cloaca!  region  ; 
contrary  to  the  figures  of  all  authors. 

The  cloacal  region. — As  first  figured  b}'  Couch  (4,  p.  381), 
though  not  described  and  apparently  not  understood  by  him,  and 
overlooked  by  all  subsequent  observers,  the  cloacal  region  is  dis- 
tinctly marked  upon  the  left  side  by  the  failure  of  three  or  four 
myocommata  to  reach  the  level  indicated  by  the  corresponding 
myocommata  of  the  right  side. 

In  most  of  the  specimens  examined  by  me,  the  condition  of 
things  is  represented  in  Fig.  4.*^ 

The  ventral  extremity  of  the  myocomma  marked  (1)  is  very 
slender  and  just  fails  to  gain  the  level  of  the  myocomma  next  in 
front ;  its  successor  (2)  ceases  at  a  still  higher  level  and  the  next 
two  (3  and  4)  at  higher  and  higher  so  that  their  ventral  borders 
form  an  oblique  outline  from  below,  backward  and  upward  ;  the 
greatest  height  of  the  space  so  uncovered  being  about  .000,3  from 
the  normal  level,  or  about  one-seventh  of  the  depth  of  the  body 
at  that  point ;  this  line  forms  the  antero-dorsal  boundary  of  the 
cloacal  region ;  the  corresponding  postero  dorsal  boundary  is 
formed  by  the  an tero- ventral  border  of  the  next  myocomma  (5) 
which  reaches  its  normal  level,  as  do  its  successors ;  the  back- 
ground of  this  space  is  formed  by  the  mesial  surface  of  the  corre- 
sponding right  myocommata,  and  its  ventral  outline  is  a  pretty 
definite  ridge  (CIR),  the  nature  of  which  will  appear  upon  the 
sections. 

The  posterior  fourth  of  the  cloacal  region  is  vacant  and  may  be 
called  the  cloacal  notch  (CIN)  ;  (it  is  this  which  is  liable  to  unnat- 

>3  There  Is  con»tderable  discrepancy  In  the  number  of  muscalar  segments  (myocom- 
mata) both  for  the  whole  body  and  for  separate  regions;  In  the  specimen  figured  (Fig.  4) 
1  find  that  the  ventral  ends  of  four  segments  abut  upon  the  cloaca,  the  most  anterior 
▼ery  slightly,  the  fifth  segment  passes  the  cloaca  and  forms  the  dorsal  and  posterior 
boundary  of  the  notch  and  there  are  sixteen  more  caudal  segments,  but  in  other  spec- 
imens ft'om  Naples  and  also  ft'om  Florida,  there  seem  to  be  no  more  than  fifteen  post 
cloacal  segments;  there  is  reason  to  believe  that  the  number  varies  with  age  but  it  is 
quite  possible  that  the  comparison  of  a  large  number  from  various  localities  may  indi- 
cate a  constant  numerical  difl'erence  serving  to  distinguish  geographical  varieties,  and 
even,  perhaps  species;  there  is  certainly  a  considerable  difference  in  the  height  and 
thickness  of  the  body,  between  the  specimens  ttom  Naples  and  troia  Florida. 
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ural  extension  backward  by  the  introdaction  of  the  bristle,  as 
mentioned  on  page  282).  The  remaining  three-fourths  is  usually 
occupied  by  the  cloaca  (CI)  excepting  a  slight  interval  between  it 
and  the  background  and  ridge,  which  may  be  called  the  cloacal 
sinus  (CI  S). 

Thb  Cloaca. — In  most  small  specimens  and  many  of  the  larger 
ones  from  Naples,  all  which  are  strongly  contracted  by  the  spirit, 
the  elongated  triangular  space  (cloacal  region)  above  described  is 
empty ;  but  the  tegumentary  cells  may  easily  be  traced  over  the 
rounded  borders  and  also  upon  the  deeper  level  of  tlie  background, 
from  the  surface  of  the  fin,  which  is  here  connected  wholly  with  the 
light  half  of  the  body. 

But  in  other  of  the  Naples  specimens,  and  in  all  of  those  from 
the  Florida  coast,  which,  so  far  as  this  region  is  concerned,  seem 

to  be  in  a  more  nearly  normal 
condition,  the  anterior  three- 
fourths  of  the  space  presents  a 
semi-cylindrical  elevation  of  in- 
tegument with  a  curved  posterior 
outline.  Its  surface  is  continu- 
ous dorsally  with  the  slightly 
overhanging  margin  of  the  my- 
ocommata ;  posteriorly  with  the 
contiguous  surfaces  of  the  clo- 
acal notch  ;  while  the  ventral  sur. 
face  is  slightly  separated  from 
the  underlying  cloacal  ridge,  and 
extends  across  the  middle  line 
as  will  be  shown  in  Fig.  5.  It 
will  be  noted  that  this  surface  is 
smooth  and  presents  no  orifice 
whatever,  and  that  we  cannot 
therefore  admit  that  the  vent 
opens  toward  the  left  side  of  the 
body;  this  however  by  no  means 
contradicts  the  statement  that  it 
opens  to  the  left  of  the  abdom- 
inal fin. 
Fig.  6.  Diagrammatic  views  of  cloacal  region  from  below  (A,  B  and  C)  and  from 
right  Bide  D;  all  more  or  less  enlarged. 


Digitized  by  VjOOQIC 


B.      NATURAL  HISTORY.  287 

Fig.  5,  A.  View  of  the  cloacal  region  from  hdow,  and  still  more 
enlarged  than  in  Fig.  2.  The  caudal  fin  (CF)  is  turned  over 
toward  the  right,  but  not  distorted ;  its  base  is  upon  the  median 
line^  as  seen  at  both  ends  of  the  section,  and  its  exposed  border 
therefore  lies  a  little  to  the  left  of  that  line;  the  hidden  border  of 
course,  to  the  right;  upon  each  side  of  the  anterior  section  is  seen 
the  abdominal  ridge  (AR)  which  is  soon  hidden  upon  the  right, 
by  the  deflected  fin,  but  continues  backward  upon  tlie  left  to  the 
cloaca  where  it  seems  to  cease ;  but,  in  reality  (as  seen  in  B  and  in 
Fig.  4),  is  only  narrowed  and  deflected  dextrad  of  the  median  line 
so  as  to  pass  the  cloacal  region  ;  the  five  cloacal  myocommata  are 
numbered  1-5,  and  the  succeeding  one  6. 

It  will  be  noted  that  owing  to  the  fact  that  the  base  of  the 
caudal  fin  preserves  its  true  longitudinal  course  over  the  cloaca! 
region,  a  little  less  than  one-half  of  the  latter  is  visible;  the  curved 
dotted  line  indicates  the  location  of  the  vent;  which  is  really 
dextrad  of  the  median  line,  although  practically,  the  outlet  or 
pseudo-vent  is  a  little  sinistvad  of  that  line,  namelj',  around  the 
border  of  the  base  of  the  fin. 

Fig.  5,  B,  is  the  same  as  A,  excepting  that  the  caudal  fin  is 
removed  down  to  its  attachment,  so  as  to  expose  nearly  the  whole 
cloacal  region  ;  the  attachment  itself  is  deflected  lil<e  the  abdom- 
inal ridge,  but  remains  visible  around  and  behind  the  cloaca, 
where  it  again  comes  upon  the  median  line ;  the  cloacal  notch  is 
shown  as  a  triangular  black  spot  at  the  posterior  extremity  of 
the  cloacal  region,  and  the  vent  itself  as  a  dark  line  upon  the 
right  posterior  border,  somewhat  oblique,  so  as  to  be  nearer  the 
median  line  behind,  but  not  reaching  it. 

In  C,  the  cloacal  region  is  still  farther  enlarged  so  as  to  show 
the  relation  of  the  parts  to  the  median  line ;  the  dotted  line 
indicates  the  limits  of  the  exposed  portion  of  the  end  of  the  in- 
testine ;  the  posterior  extremity  is  seen  to  be  rounded  and  the  vent 
is  a  valvular  aperture. 

D  shows  the  same  from  the  right  side,  and  diagrammatically ; 
the  border  of  the  valve  should  be  represented  as  slightly  thickened 
and  rounded. 

I  hope  at  some  future  time  to  give  more  detailed  figures  of 
this  region,  but  these  sufiSciently  indicate  the  morphological  rela- 
tions. 

In  figure  6  are  given  enlarged  diagrammatic  representations  of 
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transverse  sections  made  at  seven  different  points  as  indicated  by 
the  corresponding  capital  letters  upon  Fig.  4  ;  all  are  as  viewed 
from  behind.  As  already  stated,  these  figures  indicate  the  results 
of  a  careful  and  prolonged  comparison  of  several  hundred  sec- 
tions made  upon  many  specimens  between  the  points  A  and  G. 


Flff.  n.  Sections  of  cloncal  region  (ventnil  half  of  the  body)  as  seen  fVom  behind. 
A  is  Jii8t  in  front  of  the  cloaca  and  G  Just  behind  it;  the  others  at  intermediate  pointa 
indicated  by  the  lines  in  fig.  4. 


A  is  just  in  fiont  of  the  cloacal  region  and  G  is  just  behind  it ; 
both  of  these  aie,  therefore  (or  should  be)  symmetrical  figures ; 
all  the  otiiers  are  more  or  less  asymmetrical  on  account  of  the 
deflection  of  the  abdominal  ridge,  and  the  attachment  of  the  fin, 
and  the  location  of  the  vent  itself  upon  the  right  aspect  of  the 
cloaca. 

The  sections  of  course  included  the  whole  animal,  but  as  the 
present  paper  concerns  only  the  cloacal  region,  and  several  parts 
of  the  general  anatomy  of  tiie  dorsal  region  are  in  doubt,  I  pre- 
fer to  show  only  what  I  am  pretty  certain  of. 

The  lettering  is  uniform  and  explained  elsewhere  (p.  283). 
The  general  arrangement  is  best  seen  in  A.  The  lower  half  only 
of  the  notochord  (N)  is  shown,  and  its  contents  are  omitted  from 
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doabt  of  their  exact  nature ;  as  in  Petromyzon^  etc.,  the  noto- 
chord  is  surrounded  by  a  sbeath  of  connective  tissue  (NS)  from 
which  are  given  off  the  various  intennuscular  septa  (18/  which 
separate  the  viyocommata  (My),  and  the  abdominal  laminae  (AL) 
which  line  the  abdominal  parietes.  The  aorta  (A)  lies  between 
two  laminae ;  below  the  abdominal  cavity  the  laminae  join  the  con- 
nective tissue  walls  of  the  abdominal  segmented  canal  (AS)  which 
constitutes  the  abdominal  ridge;  to  the  sides  of  the  latter  also, 
are  Joined  the  corresponding  subcutaneous  fascia  (SF)  which  en- 
velops the  tegumentary  surface  of  the  muscular  masses ;  to  the 
lower  border  of  the  abdominal  segmented  canal  also  are  attached 
the  subcutaneous  fasciae  of  the  caudal  fin,  which  are  only  partly 
shown  in  the  series  A — Gr,  but  much  enlarged  in  A'.  The  fin 
itself  is  wholly  shown  only  in  A,  where  its  depth  is  slight;  but 
its  relative  depth  in  the  other  sections  may  be  judged  by  compari- 
son with  Fig.  2,  which  is  magnified  only  half  as  many  diameters. 

In  this  too  are  shown  the  cut  ends  of  the  caudal-Jin  rays  (C  F  R), 
already  described ;  they  seem  to  be  usually  oval  in  section,  and 
sometimes  composed  of  two  lateral  pieces;  but  their  structure 
must  be  more  minutely  investigated. 

Within  the  abdominal  cavity  is  seen  the  cut  end  of  the  intestine, 
which,  at  A,  contains  a  faecal  mass  F.  All  authors  state  that  the 
alimentary  canal  is  ciliated  throughout,  but  give  no  figures  of 
either  the  cilia  or  the  cells  to  which  Ibey  are  attached  and  leave  us 
to  suppose  that  no  muscular  or  peritoneal  coats  exist. 

As  all  these  are  points  of  minute  anatomy  which  can  be  best 
determined  upon  living  or  fresh  specimens,  I  hesitate  to  offer  a 
description  or  figure  of  the  parts,  and  must  ask  that  both  be  re- 
garded as  provisional.  As  might  be  expected,  so  delicate  a  tissue 
as  the  peritoneum  was  rarely  left  uninjured  in  a  section,  but  I 
think  it  exists  in  several  specimens  in  the  relation  which  is  nor- 
mal with  vertebrates,  and  which  is  diagrammatical ly  indicated  in 
the  figures  (P)  ;  of  course  the  parietal  and  visceral  layers  are 
really  in  contact  with  each  other  above  (forming  the  mesentery  M) 
and  with  the  connective  tissue  and  alimentary  canal  elsewhere. 

The  existence  of  an  inner  or  mucous  or  epithelial  coat  is  cer- 
tain, also  that,  in  the  intestinal  region,  at  least,  it  consists  of 
columnar  cells  which  give  a  striated  aspect  to  the  section ;  these 
cells  are  from  .001  to  .002  of  an  inch  in  length,  and  seem  to  be 
longer  in  the  anterior  than  in  the  posterior  part  of  the  intestine, 

A.  A.  A.  8.  VOL.  XXn.     B.  (19) 
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giving  a  corresponding  variation  in  the  tbickness  of  tlie  nancoiis 
membrane  (IC) ;  traces  of  cilia  appear  in  several  of  the  sections, 
but  I  do  not  feel  sufficiently  sure  of  their  uniform  j^resence  or 
their  character  to  include  them  in  the  figure. 

As  said  above,  no  muscular  coat  is  assigned  to  Amphioxus  by 
previous  dcscribers,  nor  have  I  seen  any  structure  answering  to  it 
in  the  anterior  part  of  the  intestine,  but  in  its  posterior  part  and 
especially  in  the  cloacal  region,  so  constant  is  the  appearance  of 
a  second  coat  outside  of  the  mucous  coat  that  1  venture  to  insert 
it,  provisionally,  in  the  figure  ;  very  often  it  is  somewhat  separated 
from  the  mucous  coat;  its  thickness  is  about  the  same,  but  its 
structure  is  granular  and  not  at  all  striated  ;  prior  to  the  investi- 
gation of  this  point  upon  fresh  specimens,  I  would  only  suggest 
that  perhaps  the  muscular  coat  is  needed  near  the  cloaca  for  the 
periodical  expulsion  of  the  fseccs  which  are  brought  back  by  the 
constant  action  of  the  cilia,  which  may  possibly  exist  only  in 
the  anterior  (branchial)  region  of  the  alimentary  canal. 

B  presents  nearly  the  same  appearances,  but  as  it  is  a  section 
just  at  the  anterior  angle  of  the  cloacal  region,  it  presents  an  in- 
dentation upon  the  left  side  of  the  base  of  the  caudal  fin,  while 
the  abdominal  segmented  canal  (AS)  is  deeper  in  position  and 
thrown  to  the  right  of  the  median  line,  like  the  fin  attachment. 

In  C  this  change  is  more  marked,  the  section  being  through  the 
middle  of  the  length  of  the  cloaca,  the  AS  is  thrown  far  to  the 
right  and  the  base  or  attachment  of  the  fin  likewise,  but  the  latter 
soon  regains  its  normal  position  upon  the  median  line,  giving 
rise  to  two  important  features  of  this  region :  the  ridge  and  the 
sintts. 

The  cloacal  ridge  (CR)  is  the  sudden  angle  formed  by  the  verti- 
cal and  median  blade  of  the  fin  with  its  deflected  basal  part ;  it 
forms  the  outline  shown  as  a  single  line  in  fig.  2  and  appears  in 
fig.  3,  A,  as  the  sinister  border  of  the  fin. 

The  cloacal  8inti3  (CS)  is  the  space  between  the  sinister  surface 
of  the  deflected  basal  part  of  the  fin  and  the  ventral  surface  of 
the  cloaca  itself.  The  dotted  line  represents  the  fin  in  the  condi- 
tion already  alluded  to  (p.  286)  as  thrown  across  and  upward  upon 
the  left  side  so  as  to  enclose  and  protect  the  cloacal  sinus  and  the 
already  concealed  vent. 

In  D  we  have  a  section  directly  through  the  vent  and  exhibiting 
its  peculiar  featiu'es.    As  might  be  inferred  from  the  other  figures 
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(4  and  6  C)  the  integament  may  be  traced  from  the  left  surface 
of  the  body  upon  the  ventral  surface  and  across  the  median  line 
to  a  point  where,  in  G,  it  becomes  continuous  with  the  integument 
of  the  fin-base,  but  in  D  it  remains  distinct  and  presently  returns 
upon  itself  so  as  to  form  the  mucous  lining  of  the  cloaca  and  the  in- 
ner surface  of  the^loacal  valve  (CIV)  which  itself  is  merely  the  ven- 
tral wall  of  the  cloaca,  free  upon  its  right  border  for  the  extent  of 
the  vent. 

I  have  not  represented  the  muscular  and  peiitoneal  coats  in  this 
section  for  I  am  not  quite  certain  as  to  their  points  of  commence- 
ment ;  neither  a  peculiar  striated  structure  which  appears  in  this 
part  of  the  valve  and  which  may  be  a  special  muscle  for  opening 
or  closing  the  vent. 

At  E  the  section  is  made  just  behind  the  cloaca,  so  as  to  present 
its  posterior  rounded  surface  (PCI)  which  is  continuous  with  the 
integument  in  all  directions.  The  height  of  the  cloacal  cavity, 
which  had  somewhatdecreased  in  D,  is  here  little  more  than  half 
what  it  was  in  A  and  the  subaortic* union  of  the  abdominal  lami- 
nae here  forms  an  abdominal  median  septum  (AMS)  the  connections 
of  which  are  as  in  all  excepting  A  somewhat  asymmetrical.  The 
AS  is  rather  larger  and  nearer  the  median  line ;  the  sinus  and 
ridge  occupy  their  usual  places. 

At  F  the  section  is  through  the  vacant  space,  or  notch  (CIN) 
tilready  described  in  fig.  2  and  fig.  8,  B,  C,  D,  as  a  triliedral  de- 
pression from  the  left  side  at  the  base  of  the  fin  ;  the  median  sep- 
tum is  still  deeper,  and  the  A  S  C  nearer  the  median  line. 

In  G,  we  find  a  return  to  the  symmetrical  arrangement  of  parts, 
but  with  the  absence  of  the  alimentary  canal ;  the  septum  is  me- 
dian and  its  connections  regular.  In  fact,  in  some  respects  it  is 
easier  to  describe  and  study  the  sections  in  the  reverse  order  be- 
ginning with  G  ;  which  presents  the  simplest  structure. 

But  although  the  arrangement  above  described  may  be  required 
for  protection  of  the  cloacal  outlet,  especially  during  backward 
locomotion,  yet  it  is  quite  possible  that  in  order  to  avoid  such 
circuitous  exit  for  the  faeces,  the  animal  may  flex  its  body  strongly 
ventrad,  to  such  an  extent  as  to  allow  the  deflected  basal  part  of 
the  fin  to  hang  more  directly  from  its  attachment,  and  so  expose 
the  true  vent  at  the  moment  of  deflection  ;  this  must  be  determined 
by  observation  of  living  individuals.  But  this  does  not  aflect  the 
morphological  position  of  the  vent  upon  the  right  of  the  median 
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line,  but  to  the  left  of  the  abdominal  fin,  whose  basal  part  is  here 
deflected  and  attached  wholly  to  the  right  half  of  the  body. 

I  foresee  one  possible  exception  to  the  above  interpretation  of 
the  morphological  relations  of  the  vent ;  upon  the  ground  that  the 
abdominal  ridge  and  the  fin  are  normally  median  organs  like  the 
similar  dorsal  structures,  it  may  be  urged  that  since  the  cloaca 
lies  to  the  left  of  them,  it  is  lateral  in  position,  and  to  the  left  of 
the  median  line,  and  that  perhaps  the  vent  itself,  if  distortion  were 
removed,  might  perhaps  be  regarded  as  median  in  its  position,  or 
nearly  so. 

This  view  would  be  strengthened  by  reference  to  the  manner  in 
which  the  abdominal  median  septum  ( AMS)  maintains  its  connec- 
tion with  the  abdominal  segmented  canal  (ASC),  as  it  is  traced  in 
the  series  of  sections  from  6  to  A. 

For  a  long  time,  while  studying  the  sections  under  the  micro- 
scope, I  felt  anxious  to  see  that  the  median  septum  consisted  of 
two  lateral  sheets  which  separated  below  so  as  to  receive  the  ali- 
mentary canal ;  but  there  is  no  good  evidence  of  this,  any  more 
than  in  the  other  fishes,  where  this  septum  consists  of  fibres  inter- 
laced in  all  directions,  with  no  reference  to  a  median  division  :  and 
in  F  and  E  the  septum  seems  to  be  deflected  from  the  median  line 
and  to  pass  wholly  to  the  right,  leaving  only  a  branch  to  go  the 

left. 

But  to  this  must  be  said — 1.  That  the  various  septa  form  a 
continuous  sheet  of  connective  tissue,  which  is  thicker  in  some 
places  and  thinner  in  others ;  that  naturally  the  larger  part  of  the 
median  septum  would  retain  its  connection  with  the  fin  and  the 
abdominal  segmented  canal  which  is  evidently  associated  there- 
with :  and,  2.  That  although  the  septum,  and  the  abdominal  seg- 
mented canal  and  the  fin  are  all  normally  median  organs,  yet  the 
latter  two  are  peripheral  parta^  and  hardly  entitled  to  serve  as 
criteria  for  determining  the  morphical  position  of  a  comparatively 
central  or  axial  canal  like  the  intestine ;  and  although  the  septum 
consists  of  sclerous  tissue,  and  might  be  ossified,  and  so  become 
a  part  of  the  skeleton,  to  which  all  other  organs  are  generally 
referred  for  their  location,  yet  it  must  be  remembered  that  the 
morphological  value  of  the  spinal  axis  arises  not  from  its  being  of 
osseous  or  sclerous  tissue,  but  from  its  primary  appearance  upon 
the  line  of  the  primitive  furrow ;  in  like  manner  thei  spinal  cord 
and  aorta  and  alimentary  canal  are  all  median  and  primary  and 
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permanent  organs ;  and  their  right  to  be  so  considered  is  not  to 
be  denied  on  account  of  the  appearances  presented  by  accessory 
prolongations  of  connective  tissue,  or  by  peripheral  and  transitory 
organs  like  the  flns.^^ 

Recapitulation. — 1.  The  abdominal  folds  and  the  furrow  be- 
tween them  extending  from  the  oral  aperture  to  the  abdominal  pore 
are  periodical  appearances,  according  to  the  condition  of  the  re- 
productive organs. 

2.  The  cloaca  is  usually  about  one-ninth  (or  .11)  of  the  total 
length  from  the  tip  of  the  tail,  and  including  the  four  myocommata 
which  abut  upon  it,  there  are  20-25  myocommata  behind  it ;  both 
the  ratio  and  the  number,  however,  are  probably  variable. 

3.  The  caudal  fin  contains  very  long  and  delicate  anteverted  fin 
rays. 

4.  The  caudal  fin  is  continuous  with  the  dorsal  and  abdominal 
fins;  and  the  cloaca  lies  opposite  the  point  where  the  greatest 
depth  of  the  fin  is  acquired,  passing  from  before  backward. 

6.  On  the  left  side  three  or  four  myocommata  fail  to  reach  the 
general  level  of  the  ventral  border  of  the  body  and  so  expose  the 
cloaca. 

6.  The  dorsal  ridge  is  always  median  and  is  visible  to  near  the 
tip  of  the  tail ;  but  the  abdominal  ridge  is  deflected  to  the  rlgiit  of 
the  cloaca,  and  does  not  reappear  behind  it,  although  it  regains 
the  median  line. 

7.  The  abdominal  fin  likewise  loses  its  connection  with  the  left 
myocommata  iind  is  attached  wholly  to  the  right  side,  but  regains 
its  median  attachment  behind  the  cloaca. 

8.  Nevertheless  the  blade  of  the  fin  always  occupies  the  median 
line,  and,  at  its  junction  with  the  deflected  basal  part,  presents  a 
distinct  ridge,  which  forms  the  abdominal  margin  of  the  pseudo- 
vent, 

9.  The  true  (or  morphological)  vent  is  an  oblique  elongated 
opening  upon  the  right  side  of  the  cloaca  and  considerably  to  the 
right  of  the  median  line. 

10.  But  the  basal  part  of  the  fin  underlies  this  orifice  and  extends 
downwards  to  and  slightly  across  the  median  line  so  as  to  bring  the 

**  For  a  brief  dlscussiOB  of  the  qnestion  as  to  the  morphical  valaes  of  parts  and  char- 
acters,  see  my  paper,  Intermembral  Homologies,  Proe.  Bot.  Soc.  Nat.  Hist.,  1871,  vol. 

Xl7. 
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blade  upon  that  line,  and  therefore,  although  the  vent  is  to  the 
leA  of  the  fin,  yet, 

11.  Not  only  is  the  true  vent  invisible  from  either  the  right  or 
left  side,  but  the  faeces,  in  order  wholl}''  to  leave  the  body,  must 
pass  to  the  left  from  the  true  vent  and  escape  at  a  point  which  is 
really  upon  the  left  of  the  median  line. 

12.  This  complex  protection  of  the  vent,  in  connection  with 
other  appearances,  suggests  that  backward  progression  of  the  an- 
imal is  oftea  resorted  to. 

But  we  must  conclude,  with  Goodsir,  that  to  ^'complete  the  his- 
tory of  the  lancelet,  an  examination  of  it  when  alive  in  seawater 
must  be  undertaken.  In  this  way  only  can  certain  points  in  its 
structure  be  explained  and  light  be  thrown  on  the  economy  of  one 
of  the  most  anomalous  of  the  vertebrated  animals." 


Fig.  7.  Cloacal  region  of  Protopierui  anneeten§;  natural  siie ;  drawn  f^om  a  spec- 
hnen  in  the  Mu»cum  of  Comp-  Zoology,  L  the  left  side;  R  the  right  side;  CG  the  caudal 
greove,  a  fUrrow  upon  the  median  line  which  divides  the  edge  of  the  fin  into  two  thin 
lamlnsB. 

The  vekt  in  Protopterus  and  Lepidosiren. — Miiller's  refer- 
ence to  the  asj'mmetrical  position  of  the  vent  in  Lepidosiren 
(Protopterus)  annectena  has  been  quoted  (page  276)  ;  Quatrefages 
follows  Miiller  in  comparing  it  with  Ampfiioxua^  but  as  shown  in 
the  above  figure  (which  does  not  differ  essentially  from  the  figures 
and  description  of  other  authors)  ^^  the  structural  arrangements 
are  quite  unlike,  for  in  Jjepidosiren  and  Protoptei-us  the  vent  is  a 
distinct  circular  orifice  wholly  upon  one  side  of  the  median  line 
opening  upon  a  sort  of  fusiform  papilla  or  raised  surface  which, 
however,  projects  less  from  the  surface  of  the  body  than  the  thick- 

MOwen,  Linn.  Trans,  xviii;  Bischoff,  Ann.  Des.  Sci.  Nat.  8rd  series,  14,  Peters 
M  tiller's  Archiv.  fllr  Anatomie,  1815;  Vander  Hoven,  Handboolc  of  Zoology,  and  G  an- 
ther's Catalogue  of  Fishes. 
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ened  fin-base ;  this  latter  extends  forward  to  between  the  roots  of 
the  skelea  (hinder  legs)  ;  for  some  distance  behind  the  vent  (in  the 
specimen  here  figured)  the  thin  border  of  the  fin  is  in  two  laminsB 
with  a  groove  between.  The  side  of  the  fin-base  opposite  to  the 
Tent  projects  somewhat  like  the  vent  papilla,  and  all  authors  agree 
that  the  vent  opens  sometimes  upon  one  and  sometimes  upon  the 
other  side.  Without  sections  of  the  body  at  this  region  and  the 
study  of  the  embryonic  condition  of  the  parts  one  cannot  be  sure 
of  what  is  their  morphological  relation,  but  they  appear  as  if  the 
vent,  a  normally  median  organ,  opened  itself  upon  one  or  the  other 
side  of  the  fin-base  and  that  the  two  mutually  crowded  each  other 
a  little  from  the  median  line  ;  perhaps  the  blade  of  the  fin  is  deeper 
in  the  young  individuals. 

In  Ceratodus. — In  a  large  specimen  of  Ceratodus  Forsteri  at 
the  Museum  of  Comparative  Zoology  the  fin  ceases  considerably 
behind  the  vent,  and  this  is  apparently  a  median  opening,  althoagh 
slightly  asymmetrical  in  form,  perhaps  on  account  of  distortion  in 
the  spirit.  Giinther  makes  no  mention  of  a  peculiarity  of  this 
region. 

The  vent  in  Mtzontes  (marsipobranchii) . — Whatever  maybe 
their  precise  zoological  relationship,^^  there  is  no  doubt  that  the 
Myzontes  are  the  group  of  vertebrates  next  above  AmpJiioocus,' &nd 
it  is  therefore  desirable  to  ascertain  the  character  of  the  vent  in 
the  three  genera  now  constituting  the  group. 

In  Myxine  gliitinoaa  the  vent  is  a  longitudinal  median  slit  be- 
tween what  might  at  first  seem  to  be  the  divided  moieties  of  an 
abdominal  fin.  I  have  not  as  yet  made  the  sections  which  would 
probably  decide  the  matter,  but  am  inclined  to  think  that  the  true 
fin  lies  wholly  behind  the  vent,  and  the  slight  cutaneous  fold  which 
lies  in  front  of  and  behind  it  is  not  in  the  strictest  sense  a  fin 
like  that  which  exists'  in  Amphioxiis. 

1*  Of  late  years  the  opinion  has  gained  firronnd  that  the  peculiarities  of  Amphioxut 
are  such  as  to  entitle  it  to  the  rank  of  a  sub-class  or  class,  or  even  sub-kingdom;  with 
this,  howeyer,  I  have  never  sympathized.  I  hesitate  to  express  a  contrary  opinion 
without  more  extensive  knowledge  than  I  now  possess,  bnt  it  may  not  be  improper  to 
state  that  last  summer  (at  the  Anderson  school  of  Nat.  Hist.,  Penlkese  Id.,  Aug..  1873), 
after  a  lecture  in  which  I  contrasted  diagrammatic  views  of  the  branchial  apparatus  in 
Amphioxuit  Ati/zine,  Bdellostoma  and  Petromyzoti,  Prof.  Agassiz  announced  his  belief 
that  these  four  genera  would  prove  to  be  the  representatives  of  four  groups  which  he 
would  regard  as  orders  of  the  class  Myzonies  (or  marsipobranohs).  This  opinion 
might,  and  will  hereatter,  be  confirmed  by  many  other  considerations  which  I  now 
refrain  from  presenting. 
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In  Bdellostoma  polytrema  the  body  is  deeper  in  front  of  than 
behind  the  vent,  which  is  thus  caused  to  look  backward  as  well  as 
ventrad,  between  two  folds  which  seem  to  be  equal  or  if  unequal 
not  so  in  any  uniform  manner;  all  the  specimens  examined  by  me 
(from  the  Mus.  Comp.  Zool.)  are  in  poor  condition. 

In  Petromyzon. — It  so  happened  that  the  three  representatives 
of  this  genus  first  examined  by  me  were  a  large  P.  Americantis  9  , 
and  two  small  specimens  from  Cayuga  Lake  of  a  species  which  I 
do  not  yet  regard  as  satisfactorily  determined ;  the  first  named 
presented  a  sort  of  notch  in  the  right  half  of  the  body  just  at  the 
vent,  which  gave  the  latter  a  decided  sinister  aspect;  the  two 
smaller  specimens  were  a  9  and  ^  ;  and  in  one  the  vent  looked 
to'  the  right,  in  the  other  to  the  left ;  and  I  imagined  this  peculi- 
arity might  relate  to  convenience  in  copulation  ;  but  of  seventeen 
specimens  of  P.  Americanus  since  examined,  no  such  condition  of 
things  exists ;  a  much  larger  number  of  specimens  must  be  exam- 
ined before  any  generalization  can  be  made.  I  am  inclined  to 
think,  however,  that  the  very  early  larvae  of  the  MyzorUes  may 
present  an  Amphioxus-WkQ  structure  of  the  cloaca. 

The  vent  in  the  larvje:  of  Rana  pipirns. —  An  examination  of 
fifteen  lurvfe  of  Rana  jilpiens^  taken  in  the  same  stream  in  June, 
1873,  showed  that  in  every  case  there  was  a  decided  asymmetry  in 
the  cloacal  region.  The  median  caudal  fin  is  continuous  from  the 
tip  of  the  tail  to  the  abdominal  integument.  In  the  specimens 
with  small  skelea  (hind-legs)  the  connection  between  the  abdomi- 


Fig.  8.  A  larva  of  Ranapipient^  partly  dissected,  seen  ft'om  below;  B,  the  persistent 
left  branchial  orifice;  most  of  the  hitestinal  coil  has  been  removed,  I  being  the  cut  end 
of  the  pyloric  portion,  and  C  the  cut  end  of  the  last  coil;  R  the  rteium  lying  close 
against  the  lelt  side  of  the  abdomen,  before  crosning  to  the  median  line  to  open  at  V, 
the  vent  between  the  two  moieties  of  the  fin  (A),  of  which  the  right  is  much  thinner; 
S,  the  lelt  skclos  or  hind  leg. 
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nal  8kiD  and  the  fin  proper  is  a  broad  fold,  which  becomes  reduced, 
apparently  by  absorption,  as  the  skelea  increase,  until  in  those 
farthest  advanced  it  forms  a  mere  ridge  upon  the  middle  line. 


Fig.  9.  A  transyerse  section  of  tlie  root  of  the  tail  of  the  snme  larva  of  Ranapipieru 
made  In  a  plane  indicated  by  the  line  S  in  fig.  8.  S,  the  cut  end  of  the  left  skelos ;  L,  the 
thicker  left  moiety  of  the  An  which  is  continnous  with  the  caadal  An;  the  thinner  right 
moiety  ceasing  at  a  point  Just  behind  the  section. 

Now  the  vent  seems  to  divide  this  into  two  laminiB  of  which  the 
left  is  always  the  larger  and  thicker,  while  that  upon  the  right  of 
the  orifice  is  thinner  and  in  the  specimens  with  largest  skelea  has 
nearly  disappeared  ;  the  vent  must  therefore  be  described  as  wholly 
or  in  part  on  the  right  of  the  median  fin  in  these  larvae. 

But  the  fact  that  the  vent  is  to  the  right  of  the  caudal  fin,  and 
that  the  latter  is  not  as  is  usual  among  vertebrates,  wholly  inter- 
rupted by  it,  does  not  necessarily  enable  us  to  say  that  the  vent  is 
dextrad  of  the  median  line;  on  the  contrary,  I  am  inclined  to  think 
that  the  vent  is  really  upon  the  median  line,  in  the  larva  as  in  the 
adult,  and  that  the  laminse  of  the  anal  fin  are  divaricated  unequally 
according  to  their  different  thickness,  giving  the  apparently  lateral 
position  of  the  opening  as  already  described. 

We  ought  perhaps  to  discriminate  between  the  real  vent  as  it 
exists  in  both  stages  of  growth  and  the  orifice  of  the  short  tube^^ 
between  the  deciduous  laminee,  which  orifice  certainly  looks  toward 
the  right. 

It  is  obvious  that  a  more  extended  examination  should  be  made 
of  the  larvse  of  different  Batrachians ;  and  the  purpose  of  this 
paper  is  mainly  to  call  attention  to  a  peculiarity  which,  so  far  as  I 
am  aware,  has  not  before  been  observed. 

The  condition  of  things  is  more  like  that  of  Bdellostoma  than 
Amphiaxus;  and  a  curious  contrast  exists,  from  the  fact  that  while 

X  Alluded  to  by  Owen  (C.  A.  Y.,  vol.  1,  633)  as  the  *'tegumentary  and  transitory  clo- 
acnl  canal  at  the  fore-part  of  the  subcaudal  fin.** 
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the  latter  form  gains  a  caudal  prolongation  beyond  the  vent,  Rana 
loses  the  tail  in  the  course  of  development ;  and  the  adult  cloacal 
aspect  is  not  unlike  that  figured  by  Kowalewsicy  in  the  Amphioxus 
of  sixteen  hours. 

WKIOHT8  AND  MBA8URBMBNT8  (IN  GRAMS  AND  MILUMBTBRS)  OF  "LMXVM 

OW  RANA  PIPIBNBy  MADB  WHILE   8FECIMBNS  WEBB  rEB8H, 

JUNB  16,  1878. 


No. 

1 

Lenfrth  of 

Sltelea 
(hind  legs.) 

11 

Tall 
(from 
ven  ). 

Total 
length. 

Alimentary 

canal  Irom 

moiitli  to  bight 

of  Intestine. 

From  bight 
to  vent. 

Total. 

,013. 

.008.5 

.041, 

.076, 

.117, 

,013. 

.004, 

.041, 

.074. 

.116, 

,015. 

.004, 

.037. 

.076. 

.118. 

,418, 

.360, 

.768, 

.016. 

.004. 

.042. 

.076. 

.118, 

.500. 

.865. 

.865, 

,015. 

.006, 

.048. 

.078, 

.120, 

,018. 

.006, 

.041, 

.076, 

.117, 

.014. 

.008, 

.041. 

.080. 

.121, 

,020. 

.012, 

.046, 

.086, 

.132. 

,019. 

.013, 

.043. 

.087, 

.130, 

.465, 

,880, 

.845, 

.022. 

.037. 

.045, 

.097, 

.142. 

,021. 

.038, 

.048. 

.096, 

.146, 

,020. 

.040, 

.046, 

.098, 

.144, 

18 

,026. 

.012, 

.047, 

.089, 

.136. 

,760, 

,618, 

1.273, 

14 

.028. 

.046, 

.045, 

.100. 

.146, 

15 

,025. 

.061, 

.046. 

.091, 

.137. 

Having  arranged  the  specimens  according  to  the  increase  in 
length  of  the  skelca,  we  see : 

1.  A  general  increase  in  the  weight  and  total  length  ;  and,  with 
the  four  measurements  given,  in  the  length  of  the  alimentary  canal ; 
but  none  of  these  increments  are  constant. 

2.  The  skelea  of  10  are  nearly  three  times  as  long  as  those  of 
9  ;  but  the  increments  of  length  and  weight  of  body  are  gradual. 

3.  The  comparison  of  13  with  9  indicates  that  the  shortening  of 
the  alimentary  canal,  which  is  said  to  occur  at  a  later  stage,^^  has 
not  yet  commenced. 

"  Owen,  C.  A.  v.,  1, 624. 
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Addendum. — Through  the  kindness  of  Prof.  Theodore  Gill  1 
have  to-day  (April  29, 1874)  received  a  copy  of  Stieda's  "Studien 
iiber  Amphioxns  lanceolatus,"  read  before  I'Academie  imp.  des 
Sciences  de  St.  Petersbourg,  Sept.  5, 1872,  and  published  in  March, 
1873 ;  its  presentation  and  publication  thus  antedating  those  of 
my  paper  by  about  a  year.^^ 

Although  the  foregoing  paper  was  already  in  type,  room  was 
kindly  made  for  tiie  present  note  respecting  Stieda's  paper.  It  is 
chiefly  histological,  with  historical  and  critical  remarks ;  embrac- 
ing only  seventy  pages,  and  yet  touching  upon  the  whole  structure 
it  is  necessarily  very  brief  in  many  respects. 

Of  the  twenty-five  figures,  seven  are  magnified  sections  of  the 
entire  animal,  at  the  following  points :  in  front  of  the  mouth, 
through  the  mouth,  through  the  anterior  part  of  the  respiratory 
cavity,  through  its  posterior  part,  at  the  vent  and  behind  the  vent. 
A  review  of  most  of  the  points  of  general  structure  must  be  de- 
ferred to  another  occasion  ;  in  some  respects  my  observations  con- 
firm his,  in  others  I  am  not  prepared  to  make  a  positive  assertion, 
but  in  a  few  I  am  sure  he  is  incorrect.  The  only  reference  to  the 
position  of  the  vent  is  on  page  6  :  "  Hinter  dem  Porus  abdomi- 
nalis,  im  Bereich  der  eigentlichen  Afberflossc,  befindet  sich,  an  der 
linken  Seite,  die  nur  kleine  afteroffnung."  (Behind  the  abdominal 
pore,  in  the  region  (line  ?)  of  the  true  anal  fin,  lies  the  very  small 
anal  opening). 

I  give  a  copy  of  the  lower  half  of  his  figure  representing  the 
section  at  the  vent ;  it  is  revei^sed  for  convenience  of  comparison 
with  my  own,  since  his  is  as  if  viewed  from  in  front,  while  all 
mine  are  as  if  viewed  from  behind. 

With  regard  to  the  minute  structure  of  the  intestine  which  he 
describes  as  presenting  in  addition  to  the  peritoneum,  an  outer 
thinner  coat,  a  middle  or  thicker  coat,  and  an  inner  or  epithelial 
layer  which,  at  the  vent,  gradually  merges  into  the  ordinary  cuticle, 
Prof.  Stieda's  reputation  as  an  histologist  deters  me  from  positive 
counterstatement  at  this  time ;  but  as  to  the  morphological  rela- 
tions of  parts  to  each  other  and  to  the  middle  line,  I  am  obliged 

u  Foreign  scientists  will  hardly  be  able  to  believe  that  a  memoir  upon  so  interesting 
a  subject,  and  in  a  periodical  whicli  doubtless  is  at  once  received  in  every  university 
library  of  Europe,  Bbonld  so  long  be  unknown  to  a  worlcer  in  the  same  field  here  and 
even  then  be  first  learned  of  through  the  "  scientific  record"  of  a  popular  magazine, 
"Harper's  M5nthly:'*  but  my  American  brethren  will  understand  the  case,  for  they 
know  that,  excepting  only  at  Boston,  New  York,  Philadelphia  and  Washington,  they 
are  always  liable  to  do  over  what  has  been  already  done  a  year  or  more  before,  and  to 
rediscover  things  which  are  already  familiar. 
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to  differ  with  him,  and  trust  that  he  will,  upon  reception  of  my 
paper,  reexamine  this  point,  as  I  shall  this  and  others  in  the  light 
of  his  researches. 

I  am  enabled  to  offer  the  following  additions  to  the  bibliography 
iVom  the  complete  list  of  works  at  the  end  of  Stieda's  paper. 

Costa,  Cenui  zoologici  ossia  descrixlone  sommaria  <U  talune  specie  naove  dl  animalL 

Napoli,  1834. 

Notice  sur  le  Brancbioptome,  eomptes  rendus  T.,  xlii,  p.  873, 1841. 

Notice  snr  le  Branchiotttome,  L'Institiit,  I,  Sect,  ix.  No.  407,  p.  845, 1841. 

Frnmmenti  di  Anatomta  compnrata,  Fascic.  I,  Sporia  e  Notomia  del  Branchios- 
tomiim  Inbricum.    Napoli,  1843  fol. 

Ueber  Branchiostoma,  Isis,  p.  708.  1846. 
Gervals  et  van  Beneden,  Zoologie  m^dicale,  T.  I,  p.  287, 1850. 
Goodslr,  An.  Nat.  Hist.,  vii,  p.84«. 
Hoven,  Verzameling  van  berigten  over  Ampbloxns'l.  Tijdscbrift  voor  natUrl.  Geschie- 

denis,  D.  vill  (2  Afd.),  p.  73, 1841. 
Harting,  Lecrboek  van  de  Gronbeginselen  der  Dierkunde,  II,  D.  I  Afd.  4,  Ylsschen, 

Tiel,  H.  B.  A.  CampRgne,  1865. 
Huxley,  Examination  of  tbe  Corpuscles  of  tbe  Blood  of  Aropbloxns,  Trans.  Brit. 

A09OC.,  p.  05, 1847. 
"  KOBaNeBCKiK.  NcToplH  paSNTia,»»  Amphloxas  1.,  1865. 
Lindsay,  On  Amphioxus  1.  An.  Nat.  Hist.,  8  Ser.,  vol.  23,  p.  830, 1867. 
Leuckart  und  Pagenntecher,  Untersuch.  ueber  nied  Seethiere  Arophioxus  1.  Mliller'a 

Archiv,  1858,  p  568. 
Martino.  Bull*  anatomia  del  Branchiostoma  1.  Giornale  dell  lustituto  Lombard,  T.  vil, 

p.  172,0.5.  M llano,  1846. 
Wilh.  MUller,  Beobacht,  des  pathol.  Institutfi  zu  Jena.  Spec.  Th.,  Reike  I.     Ueber  den 

Bau  der  Chorda  dorsalis.    In  der  Jenaischen  Zeitschrifl  f.  Med.  w.  Naturw.  Bd. 

vl,  p.  287, 1867. 
Beichert,  zur  Anat.  des  Bmnchlowfomo  i,  Rolrhert's  Archiv.  1870,  p.  755. 


Fig.  10  (copied  Hrom  Stiedu,  Tat*.  2,  llg.  M);  rcveiiied,  and  cut  light  on  a  dark  ground). 
This  is  to  be  compared  wit.i  my  figure  D,  fig.  6. 
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On  the  Composition    of    the    Carpus    in    Dogs.    By  B.   G. 
Wilder,  of  Ithaca,  N.  Y. 

In  a  paper  "  On  the  Composition  of  the  Carpns  of  the  Dog,"^ 
Prof.  Flower  describes  and  figures  the  right  carpns  of  a  dog  about 
six  weeks  old  in  which  the  '*  so-called  acapho-lunar  bone,  though 
well  ossified,  consists  not  only  of  a  perfectly  distinct  scaphoid  and 
lunar  but  also  of  a  third  piece,  evidently  corresponding  to  the  os 
centrale  of  the  typical  carpus,"  p.  64  ;  and  regards  this  as  "proving 
that  in  the  dog  at  least  neither  the  radiale  (scaphoid),  intermedium 
(lunar),  nov  W\q  centrale  are  suppressed,  but  they  are  all  developed 
independently  and  afterwards  coalesce  to  form  the  so-called 
scapho-lunar  bone." 


Fig.  1.  The  right  carpns  or  An  Asiatic  lion,  Beven  monthe  old  (largest  flgnre),  ofa 
shepherd  pup,  and  of  a  new-born  English  black  and  tan  rat  terrier  (smallest  figure); 
all  are  drawn  from  above  and  of  natural  size.  The  lettering  is  uniform.  P,  Pollex; 
I,  Index;  M,  Medlus;  A,  Annulnris;  Ml,  Minimus;  p,  pisiform;  x.  radial  sesamoid^ 
a.cartilaginons  nodule  attached  to  the  radial  border  of  the  scaphoid;  tc,  scaphoid  or 
radiale;  I,  lunar  or  intermedium;  ce,  centrale;  c,  cuneiform  or  ulnare;  im,  trape- 
zium; tdt  trapezoid;  m,  magnum;  u,  unciform. 

Wishing  to  confirm  the  above  statements  upon  other  specimens 
I  examined  the  parts  in  question  upon  two  young  dogs  and  a  young 
Asiatic  lion,  carefully  removing  thin  slices  of  the  cartilaginous 
carpi;  the  figures  show  that : 

1.  In  this  lion  seven  months  old,  the  scapho-lunar  is  a  single  carti- 
lage, containing  three  centres  of  ossification,  which   undoubtedly 

Read  at  the  British  Association  Aug.  7,  1871,  and  published  in  the  Journal  of 
Anatomy  and  Physiology,  No?.,  1871,:page  62. 
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correspond  to  the  three  elements,  scaphoid^  lunar  and  centrale 
and  which  would  probably,  at  a  later  age,  coalesce  into  one  bone. 

2.  In  the  shepherd  pup  (age  unknown)  the  single  scapho-lunar 
cartilage  contains  but  two  ossifications ;  the  radial  one,  however, 
is  so  large  as  to  allow  the  sup|K>8ition  that  it  represents  the  already 
coalesced  scaphoid  and  centrale, 

3.  In  the  new-born  terrier,  the  cartilage  presents  no  trace  of 
ossific  deposit,  though  sections  were  made  in  all  directions ;  it  is 
moreover  single  and  undivided,  as  in  the  other  cases,  but  as  it  ar- 
ticulates with  the  cuneiform  and  unciform  on  the  one  side,  with  the 
trapezium  on  the  other,  and  pith  the  magnum  and  trapezoid  by  its 
distal  border,  it  must  be  held  to  represent  the  scaplio-lunar  ju&t  as 
much  as  do  the  partly  ossified  cartilages  in  the  other  two  cases. 

A  similar  appearance  is  presented  in  a  fcetal  gray  wolf  the 
mother  of  which  died  four  days  before  the  expected  time  of  birth, 
and  in  a  young  red  fox,  whose  eyes  were  just  opening. 

From  the  above  facts  we  ma}'  conclude  that : 

1.  The  carpal  element  centrale  which  Gegenbaur  holds  to  enter 
into  the  composition  of  the  typical  carpus,  but  which  he  found 
distinct  only  in  Quadrumana  and  in  some  Rodentia  and  Insectiv- 
ora,^  exists  as  a  separate  centre  of  ossification  in  a  young  lion, 
and  is  probably  represented  in  the  young  shepherd  dog  and  the 
terrier ;  as  in  the  young  dog  described  by  Flower. 

2.  But  in  the  three  cases  described  by  me  the  cartilages  of  these 
three  elements  are  probably  connate^  and  the  osseous  formations 
coalesce;  while  in  Flower's  example  there  seems  to  have  been 
neither  connascence  nor  coalescence  of  either  cartilage  or  bone ; 
for  even  if  we  suppose  that  in  that  case  a  single  cartilage  after- 
ward divided,  yet  it  is  certain  that  no  such  change  occura  in  the 
lion ;  and  since  the  shepherd  pup  presents  only  two  ossifications, 
we  must  either  conclude,  as  above,  that  a  coalescence  of  centrale 
with  scaphoid  has  occurred,  or  that  in  this  kind  of  dog  the  centrale 
is  wanting. 

8.  It  is  easier  to  imagine  that  the  Carnivora  may  vary  among 
themselves  and  that  the  dogs  in  particular,  which  iu  so  many  othei* 
respects  present  striking  diflerences^  may  vary  in  regard  to  the 
manner  of  ormation  of  carpal  elements  and  even  perhaps  as  to 
their  existence. 

4.  It  is  evident  that  any  generalization  respecting  dogs  should 
specify  the  breed,  age  and  sex. 

■Carpus  und  TarsuSi  p.  50. 
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Frrsbnt  Aspect  of  the  question  of  iNTERiiBifBRAL  Homolo- 
gies. By  B.  J.  Wilder,  of  Ithaca,  N.  Y. 
Attention  is  called  to  the  apparent  unconsciousness  of  English 
and  Continental  anatomists  that  there  exists,  chiefly  in  the  United 
States,  an  opinion  respecting  the  homology  of  the  anterior  and 
posterior  limbs,  totally  at  variance  with  their  own  ;  and  it  is  sug- 
gested that  if  each  party  will  yield  a  part  of  its  present  position, 
a  reconciliation  may  be  effected.  1  hope  by  means  of  embryology 
and  the  study  of  Amphioxus  to  demonstrate  the  existence  of  a 
true  "  meketropy"  (an tero- posterior  symmetry)  within  the  verte- 
brate branch.  1  hold  that  if  the  same  methods  of  comparison  and 
of  deduction  which  are  employed  in  studying  the  limbs  of  different 
animals  are  used  in  comparing  the  anterior  and  posterior  limbs  of 
the  same  animal,  there  can  be  no  escape  from  the  conclusion  that 
the  anterior  digit  (thumb)  is  the  true  homologue  of  the  posterior 
dactyl  (little  toe)  ;  and  that  the  little  finger  is  in  like  manner  the 
true  homologue  of  the  great  toe.  To  this  opinion  are  now  in- 
clined the  following  anatomists  :  Wyman,  Agassiz,  Dana,  Coues, 
Foltz,  and  the  writer ;  all  others  now  living,  and  those  who  have 
written  on  the  subject  since  1774,  hold  the  contrary  opinion.^ 


Variation  in  the  Condition  of  the  External  Sense  Organs 
in  F(etal  Pigs  op  the  same  Litter.  By  Burt  G.  Wilder, 
of  Ithaca,  N.  Y. 

In  comparing  foetal  mammals  of  unknown  age,  it  is  natural  to 
estimate  their  relative  age,  partly  according  to  the  degree  of 
closure  of  the  lids,  and  the  direction  of  the  pinnae ;  since  it  is 
known  that  the  former  are  at  first  mere  folds  above  and  below 
the  uncovered  balls,  which  are  gradually  covered  by  them ;  and 
that  the  pinnae  are  first  formed  as  little  triangular  folds  behind 
the  meatus,  which  at  first  project  directly  forward,  and  then,  as 

>  An  historical  sketch  of  the  question,  with  a  fiiU  bibliography,  is  given  in  a  paper 
lately  published  by  me,  Intermembral  Homologies;  Proc.  Best.  Soc.  Nat.  Hist.,  1871. 
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they  increase  in  size,  gradually  rise  to  the  erect  position,  and  only 
later  are  retroverted  upon  the  neck. 

While  forming  a  collection  of  foetal  pigs  at  the  iRVge  abattoir 
of  J.  P.  Squiers  in  East  Cambridge,  Mass.,  daring  the  summer 
of  1872,  I  compared  the  individuals  of  the  same  litter,  carefully 
avoiding  any  artificial  displacement  of  the  parts. 


^^ 


^      ^    r^SP^ 


^         ^      «&       A 


Fig.  1.    A.    Head  and  series  of  piDnie  fl-om  foetal  pigs  (Kos.  296  to  aOO,  M.  C.  Z.)  of 
the  snme  litter. 
B.    Head  and  series  of  eyes  Arom  foetal  pigs  of  the  same  litter  (Nos.  908 
10^9). 

In  the  five  pigs  of  the  same  litter^  having  an  average  length 
from  vertex  to  anus  of  •067,'mm.,  and  an  average  weight  of  -01 7*5 
grams,  the  direction  of  the  pinna  ranges  from  a  slight  but  decided 
anteversion^  to  an  almost  complete  retroveraioji.    Fig.  1,  A. 

In  the  seven  pigs  of  another  litter^  averaging  *040,  in  length, 
the  lids  range  from  folds  covering  slightly  the  upper  and  lower 
margins  of  the  ball,  to  complete  closure.  The  sizes  and  degrees 
of  closure  do  not  exactly  coincide.  It  would  be  interesting  in 
both  these  cases  to  know  the  relative  position  of  the  individuals 
in  the  mother's  uterine  cornua ;  but  these  facts  indicate  the  need 
of  far  more  extended  comparisons  than  have  been  made. 

I  have  also  observed  some  striking  changes  in  the  form  of  the 
nostril  in  foetal  pigs ;  it  is  in  its  earliest  condition  a  notch  whose 
lower  margins  then  come  together  forming  a  hole ;  this  elongates 
laterally  and  is  indented  above  so  as  to  become  more  and  more 
crescentic ;  but  at  or  before  birth  the  circular  form  is  regained 
and  retained  through  life;  illustiations  of  these  changes  will  be 
presented  upon  another  occasion. 

1  Marked  296  to  :U)0  on  the  Cntalogne  of  Neurology  and  Embryology  of  Domesticated 
Animals  at  the  Museum  of  Comparative  Zoology,  Cambridge,  Mass. 
>  Marked  303  to  309  in  the  came  oaUdogue. 
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Thb  Pectoral  Mosclbs  op  Mammalia.     By  Burt  6.  Wilder, 
of  Ithaca,  N.  Y. 

The  following  is  a  provisional  abstract  of  results  based  upon 
the  dissection  of  the  pectoral  group  of  muscles  of  twenty-two 
genera  of  manioials,  representing  all  of  the  usually  recognized 
orders,  excepting  the  SoUpedia,  Hyracoidea,  Cetacea  and  Sirenia. 

Before  publishing  in  detail  and  with  figures  from  the  drawings^ 
which  I  have  made  of  all  the  dissections,  I  wish  to  examine  sev- 
eral other  genera  (particularly  Lutra^  Phoca^  Delpliinus)  and  also 
other  individuals  or  species  of  the  species  and  genera  here  enu- 
merated. 

Homo, Man. 

Troglodytes, Chimpanzee. 

Pilhecus,       .    .    .    .     • Orang. 

Macacus Monkey. 

GalagOy Lemar. 

FelUcatus, Cat. 

FelUleo, Lion. 

Canis  occidentalism Gray  wolf. 

Canis  familiaris  (see  next  paper),      ....    Dog. 

Ursus, Bear. 

Jhrocyon, Raccoon. 

Putorius Weasel. 

Mephitis, Skunk. 

Scalops, Mole. 

Condylura Star-nosed  mole. 

Pteropus, Bat. 

Bradypus, Sloth. 

Myrmecophaga, Ant-eater. 

Cyclothurus, Little  ant-eater. 

Dasypus, Armadillo. 

Mus,       Rat. 

Arctomys, .    Woodchack. 

Bos, Cow. 

Cervus,        Deer. 

^These  drawings  were  shown  at  the  meeting. 
A.  A.  A.  8.  VOL.  XXIL      B.  (20) 
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Tlie  investigation  began  in  an  effort  to  reconcile  conflicting 
statements  respecting  the  existence  of  the  Pectoralis  minor  in  the 
cat  and  some  other  Mammalia.  Strauss- Durckheim  denies  its 
presence  in  the  cat ;  and  Ciivier  and  Meckel  in  some  other  carniv- 
ora;  while  others  (Ilaughton),  mention  its  presence  without 
comment. 

In  nearly  all  Mammalia  the  main  pectoral  mass  is  naturally 
separable  into  an  outer  and  an  inner  laye^r;  these  are  respectively 
homologous  with  the  Pectoralis  major  and  P.  minor  of  man ;  for 
convenience  and  in  order  to  avoid  the  description  of  less  constant 
attributes  than  relative  position,  that  they  may  be  called  respec- 
tivel}'  ectopectoralis  and  entopectoralis ;  as  the  buttock  muscles  are 
called  ecto-,  meso-  and  ento-glutwus. 

The  usual  origin  of  the  ectopectoralis  is  the  middle  line  of  the 
sternum,  and  a  median  raphe  anterior  to  it ;  its  insertion  is  into 
the  outer  tuberosity  of  the  humerus,  and  distad  therefrom  upon 
the  same  bone ;  the  usual  origin  of  the  entopectoralis  is  from  the 
anterior  angles  of  the  costal  cartilages  and  sternum,  and  from 
the  contiguous  borders  of  these  parts  ;  its  insertion  is  upon  the 
outer  humeral  tuberosity  and  outer  margin  of  the  bicipital  groove, 
covered  more  or  less  by  the  insertion  of  the  ectopectoral.  But 
there  is  nearly  always  a  small  but  distinct  tendon  which  is  at- 
tached to  the  coracoid  process  or  to  the  tubercle  representing  it 
in  many  quadrupeds ;  this  is  interesting  in  view  of  the  fact  that 
in  Quadrumana  often,  and  in  man  usually  (but  by  no  means  so 
generally'  as  is  supposed),  the  entire  attachment  upon  one  or  both 
sides  is  upon  the  coracoid  process. 

This  coracoid  insertion  is  perfectly  distinct  in  all  the  Canidae 
and  FelidcB  dissected  by  me  ;  but  Strauss- Durckheim,  not  recog- 
nizing the  entopectoral  as  such  on  account  of  its  great  size, 
describes  the  tendon  of  the  sterno-trochit^rien  in  the  cat  (which 
he  regarded  as  a  dismemberment  of  the  P.  major^  as  sending  a 
slip  to  the  supra  spinatus;  teleologically  it  might  as  well  be  so, 
but  morphologically  there  is  every  reason  for  its  attachment  to 
the  rudimentar}'  coracoid.  The  above,  by  the  way,  is  the  only 
error  in  description  which  I  have  found  in  that  admirable  mono- 
graph ;  but  errors  of  homological  interpretation  are  by  no  meftns 
uncommon. 

The  ectopectoralis  tends  to  separate,  especially  anteriorly,  into 
superimposed  laminae ;  while  the  entopectoralis  tends  to  form  fas- 
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ciculi,  corresponding  to  tbe  number  of  costo-sternal  articulations 
involved  in  its  origin. 

The  ectopectoralis  has  generally  an  outward  direction,  and  acts 
therefore  as  an  adductor  humeri;  the  entopectoralis  has  an  oblique 
direction  from  within,  forward  and  outward,  and  acts  chiefly  as  a 
retractor  omou  (retractor  of  the  shoulder).  The  entopectoralis  is 
generally  much  the  larger,  the  exceptions  being  man,  the  higher 
quadrumana,  the  bear,  the  skunk  and  the  bat. 

In  addition  to  the  main  pectoral  mass,  there  are  generally 
found  one,  two  or  more  smaller  muscular  elements,  whose  rela- 
tions are  variable  with  the  thorax  and  armus,  with  the  main  pec- 
toral mass,  and  with  certain  other  muscles  {latissimus  dorsi^  dermo 
humeraliSj  rectus  abdomimis  and  obliquus  externus.  It  is  probable 
that  these  are  differentiated  portions  of  the  main  pectoral  mass, 
but  a  more  extended  comparison  is  needed. 

There  is  need  of  more  accuracy  in  the  dissection,  delineation 
and  description  of  muscles ;  since  at  present  there  is  great  con- 
fusion respecting  the  nature  of  true  muscular  integers,  and  the 
basis  of  muscular  homologies ;  as  a  provisional  opinion,  it  may- 
be stated  that  size,  form  and  function  are  much  less  reliable  than 
origin,  relative  position  aud  insertion,  and  that  origin  is  the  most 
reliable  basis  for  muscular  homology. 

The  most  profitable  work  will  be  the  careful  comparison  of 
nearly  allied  species  and  genera.  At  present,  so  little  are  we 
agreed  upon  the  basis  of  arrangement  that  each  new  '* myology" 
is  in  great  part  useless  in  the  present  and  a  burden  upon  the 
future ;  in  fact,  we  sliould  do  well  to  avoid  publication  of  dissec- 
tions made  of  a  single  specimen  of  a  species,  and  a  single  species 
of  a  genus  ;  and  of  all  dissections  by  beginners.  My  own  experi- 
ence has  proved  the  risk  of  fallacies  resulting  from  the  too  spar- 
ing or  too  persistent  use  of  the  knife,  and  the  overlooking  of  points 
which  may  have  no  teleological  importance,  but  great  morpho- 
logical significance. 
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Variation  in  the  Pectoral  Mcscles  of  Domestic   Dogs.     By 
Burt  G.  Wilder,  of  Ithaca,  N.  Y. 

[ABSTRACT.] 

I  HAVE  made  drawings*  of  my  own  dissections  of  the  pectoral 
muscles  in  nine  breeds  of  domestic  dogs  {Cants  familiaris)  as 
follows:  English  terrier,  skye  terrier,  spaniel,  grajhound,  spitz 
or  Pomeranian,  setter,  Newfoundland,  St.  Bernard  and  shepherd. 
Like  that  upon  the  brains  of  dogs,  this  investigation  was  begun 
in  order  to  ascertain  whether  among  our  domestic  dogs  there  exist 
internal  and  structural  differences  comparable  with  those  of  habit 
and  external  appearance,  which  are  greater  than  would  be  lield  to 
characterize  distinct  specfes  of  wild  animals.^ 

Deferring  publication  in  full  until  a  greater  number  of  breeds 
have  been  examined,^  and  until  the  general  homology  of  the  peo 
torales  is  determined,  I  would  say  here  that  so  far  there  has  been 
great  uniformity  in  the  main  pectoral  muscles,  ectopectoral  and 
enJtopectoral ;  certainly  no  such  differences  as  might  be  inferred 
from  the  external  appearances  of  the  breeds.  Among  the  minor 
outlying  members  of  the  group  referred  to  in  the  preceding  paper 
there  is  some  variation,  but  usually  not  more  than  might  be  attrib- 
uted to  mere  individual  peculiarity. 

Tlie  stomachs  and  caeca  of  these  and  several  other  dogs  are  pre- 
served, inflated,  in  either  Ithaca  or  Cambridge.  I  hope  at  some 
time  to  present  superposed  outlines  of  these  for  exact  comparison. 


On  the  Embryology  op  Terkbratulina.     By  Edw.  S.   Morse, 
of  Salem,  Mass. 

[ABSTRACT.] 

At  the  last  meeting  of  the  Association  I  presented  a  few  obser- 
vations on  the  embryology  af  Terebratulina,  in  which  the  segmented 
character  of  the  embryo  and  its  free  swimming  state  were  noticed. 

>The8e  were  shown  at  the  meeting. 

'Yet  as  remarked  on  page  242,  eyen  the  child  recognizes  them  all  as  dog9, 
>A  Chinese  dog  and  a  Mexican  (Chihuahua)  dog  ai-e  among.lhe  specimens  awaiting 
dissection. 
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Lacaze-Dutbier  had  noticed  a  similar  stage  in  Thecidium,  but 
nothing  had  been  done  to  close  the  wide  gap  existing  between  this 
free  annulated  stage  and  the  early  stages  in  which  the  adult  char- 
acters are  conspicuous,  as  shown  in  my  paper  on  the  early  stages 
of  Terebratulina. 

This  spring  I  have  had  the  good  fortune  to  make  plain  the  his- 
tory of  the  development  of  the  dorsal  and  ventral  areas,  the  pe- 
duncular attachment,  and  the  relations  the  different  parts  of  the 
mature  animal  bear  to  the  embrj'onic  segments,  as  well  as  to  pre- 
sent some  new  features  in  the  early  stages  of  the  species.  (As  my 
paper  has  since  beeu  published  in  full,  with  illustrations  in  the 
Memoirs  of  the  Boston  Soc.  Nat.  Hist.,  vol.  ii,  p.  249,  I  need 
only  give  here  a  summary  of  the  stages  presented  in  the  develop- 
ment of  the  embryo). 

The  development  of  the  embryo  presents  a  series  of  well  defined 
stages.  In  the  first  stage  the  embryo  becomes  widened  at  one  end. 
The  segments  are  barely  indicated,  the  posterior  end  is  the  Widest, 
the  anterior  portion  is  ornamented  with  a  conspicuous  tuft  of  long 
cilia,  so  peculiar  to  the  embryos  of  many  worms.  The  embryo  is 
also  clothed  with  vibratile  cilia,  and  in  this  condition  slowl}'  moves 
along  the  bottom  of  the  dish  without  rising  from  it,  or  remains 
quiet.  In  the  second  well  marked  stage  the  embryo  is  divided 
into  two  prominent  segments;  these  expand  and  contract  upon 
each  other  slightly,  and  the  cephalic  segment  has  the  power  of 
partially  bending  from  side  to  side.  In  this  stage  the  embryo  is 
most  active,  swimming  rapidl}'  in  every  direction  and  turning 
abruptly  about.  The  oesophagus  also  becomes  dimly  defined.  In 
the  third  stage  the  peduncular  segment  is  developed  and  projects 
from  the  posterior  portion  of  what  can  now  be  called  the  thoracic 
segment.  At  this  stage  the  embryo  either  remains  immovable 
upon  the  bottom  of  the  dish  or  slowly  moves  about.  In  two  cases 
delicately  barbed  setae,  to  the  number  of  thirty-five,  projected  di- 
rectly backward  from  the  peduncular  segment.  In  the  fourth  stage 
the  embryo  becomes  attached  by  means  of  its  peduncular  segment. 
The  embryo  is  still  clothed  with  cilia,  though  the  long  pencil  of 
cilia  has  disappeared.  The  head  is  closely  drawn  to  the  thoracic 
segment,  which  becomes  wider  in  transverse  diameter,  so  as  nearly 
to  hide  the  peduncle.  In  the  fifth  stage  the  thoracic  ring  com- 
mences to  fold,  or  turn  upward  upon  opposite  surfaces  of  its  cir- 
cumference, so  as  gradually  to  enclose  the  head ;  one  fold  being 
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made  slightly  in  advance  of  tbe  other  represents  the  larger  or 
ventral  valve.  In  this  stage  appear  clusters  of  barbed  and  decid- 
uous setee  upon  the  anterior  margin,  and  in  a  later  portion  of  this 
stage  the  first  hardened  areas  of  the  dorsal  and  ventral  plates 
make  their  appearance,  and  the  cirri  appear  as  blunted  papillse 
about  the  raoulh.  In  the  sixth  stage  the  shell  becomes  rounded, 
the  peculiar  scaled  structure  makes  its  appearance,  and  the  forma- 
tion of  tubules  perforating  the  shell  and  permanent  setas  takes 
place. 


On  the  Genitalia  of  Brachiopoda.    By  E.  S.  Morse,  of  Salem, 
Mass. 

ABSTRACT. 

A  CAREFUL  study  of  Terebratulina,  made  this  summer,  shows  the 
sexes  to  be  distinct,  while  some  specimens  revealed  the  vascular 
sinuses  filled  with  eggs,  and  even  where  the  eggs  had  escaped  by 
dehiscence  the  scars  could  be  seen  ;  in  others  the  sinuses  showed 
no  traces  of  eggs,  but  on  the  contrary  were  filled  with  a  creamy 
mass,  slightly  granulated,  the  borders  of  these  masses  being 
highly  ciliated  and  when  crushed  or  separated  under  the  compres- 
sor, bunches  of  spermatozoa  and  single  ones  were  revealed.  This 
probably  represents  the  oviparous  mass  of  Hancock.  In  several 
females  examined  the  eggs  were  attached  in  clusters  to  the  genital 
band,  and  in  such  masses  and  so  cloise  to  the  segmental  organ  that 
the  accessory  vesicle  of  Huxley  was  obscured  by  them.  The 
masses  of  spermaries  adhering  to  the  genital  band,  and  floating 
freely  in  the  perivisceral  cavity,  presented  some  curious  features. 
They  assumed  the  shape  of  long,  filiform  masses,  attached  by 
common  centres  to  the  genital  band,  and  surrounded  by  an  almost 
imperceptible  cellular  mass. 

The  threads  widened  gradually  to  their  distal  extremities  where 
they  ended  bluntly,  and  were  capped  with  a  few  large,  brownish 
cells. 
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The  spermatozoa  were  thickly  clustered  in  blunt  fusiform  masses 
at  the  extremities  of  the  threads  forming  a  sort  of  brush. 

The  same  brownish  grannies  appeared  in  the  sinuses,  and  like* 
wise  tipped  the  clusters  therein  contained,  only  these  clusters  were 
not  supported  on  long  threads,  as  in  those  which  sprang  from  the 
genital  band  in  the  perivisceral  cavity.  The  glandular  portion  of 
the  segmental  organ  in  the  male  appeared  much  darker  than  in  the 
female. 

From  examinations  of  Lingula,  Discina  and  Rhynchonella,  I  be« 
lieve  the  sexes  will  be  found  separate  in  all  Brachiopods. 

(As  I  have  treated  this  subject  more  fully  in  a  paper  entitled 
Systematic  Position  of  the  Brachiopods,  Proceedings  Boston  Soc. 
Nat.  Hist.,  vol.  xv,  p.  346,  the  reader  is  referred  to  that  paper.) 


On  the    Rate  of  Increase  of  the  Human    Race.      By  Chas. 
WniTTLESEr,  of  Cleveland,  Ohio. 

If  we  could  determine  the  number  of  people  existing  upon  the 
earth  at  several  periods  of  time,  widely  asunder,  the  general  rate 
or  ratio  of  increase  could  be  obtained.  This  would  constitute  a 
mathematical  series,  diminishing  backwards,  till  it  would  terminate 
at  the  period  of  man's  origin,  on  the  supposition  that  there  was 
but  one  pair  of  progenitors. 

This  was  the  object  I  proposed  to  myself  in  this  investigation. 
It  is  not  an  uncommon  occurrence,  that  investigations  made  to 
sustain  a  theory  lead  to  results  quite  different  from  our  anticipa- 
tions. Instead  of  finding  a  rapid  and  regular  increase  of  popu- 
lation throughout  the  earth,  the  indications  are  that  from  the 
commencement  of  the  Christian  era,  to  the  beginning  of  the  pres- 
ent century  the  rate  of  increase  was  very  small.  This  conclusion 
is  not  capable  of  a  complete  demonstration,  because  the  ancient 
enumerations  are  not  now  to  be  found.  I  have  not  discovered  a 
thorough  census  of  any  nation  prior  to  the  year  1800. 
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Any  government,  having  an  organization  sufiScient  to  raise  a 
permanent  army  and  enforce  a  general  tax,  must  have  had  record 
evidence  of  the  number  of  its  people,  and  of  the  amount  of  their 
property.  There  are  numerous  references  to  such  enumerations 
among  the  old  monarchies,  but  tlie  statistics  which  they  collected 
are  nearl}*^  all  lost.  In  the  Grecian  States,  as  early  as  600  B.C., 
it  was  the  practice  to  take  a  regular  census.  From  at  least  500 
B.C.,  the  same  was  done  in  Italy  and  the  Roman  Empire  as  often 
as  once  in  five  yeai*s.  Only  a  few  of  the  items,  however,  have  come 
down  to  us. 

The  earliest  record  of  a  census  which  we  have  is  that  of  the 
males  who  were  able  to  bear  arms  under  Moses,  when  the  Israel- 
ites came  out  of  Egypt,  1491  B.C.,  and  this  was  not  a  full  enumer- 
ation of  the  people,  but  only  of  the  military  force.  The  two 
subsequent  numberings  were  a  little  more  full,  but  the  entire  pop- 
ulation is  nowhere  given,  and  is  obtained  only  by  deduction,  in  a 
mode  I  will  discuss  under  the  head  of  the  Jewish  tribes. 

There  are  numerous  instances  in  history,  where  the  number  of 
persons  inhabiling  a  city  at  different  times  is  given.  The  strength 
of  armies  is  more  frequently  found  on  record,  from  which  the 
strength  of  a  nation  may  be  deduced.  Where  two  countries  are 
at  war  a  long  time,  with  nearly  equal  forces  and  success,  it  may 
be  inferred  that  their  resources  and  numbers  are  nearly  equal. 

The  revenues  collected  from  a  people  are  indicative  of  their 
numbers.  With  all  these  considerations  in  view,  I  have  endeav- 
ored to  arrive  at  the  population  of  this  planet  near  the  time  of 
Christ,  and  thus  make  a  comparison  between  that  period  and  the 
beginning  of  the  present  century.  To  facilitate  the  comparison, 
I  shall  give  details  of  what  I  have  gathered  in  reference  to  several 
ancient  nations,  although  a  portion  of  the  details  have  not  a  direct 
bearing  upon  the  question,  when  man  first  appeared  vpon  the  earth. 

The  developments  of  the  past  ten  years  throw  the  epoch  of  the 
cave  dwellers  back,  to  the  closing  out  of  the  glacial  period.  Any- 
thing which  may  help  to  fix  this  period,  in  an  historical  or  a  chro- 
nological form,  is  worthy  of  attention. 

The  census  of  a  single  people,  no  matter  how  complete,  or  how 
much  time  it  embraces,  forms  only  one  item  in  the  calculation  ; 
for  all  nations  have  their  rise,  progress,  culmination  and  decline. 
It  requires  a  consolidation  of  all  people,  through  long  periods  of 
time,  to  throw  much  light  on  the  problem  of  the  antiquity  of  man. 
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Before  I  close,  I  will  present  a  recapitulation  of  the  information 
within  my  reach,  the  tendency  of  which  is,  like  that  of  the  cave 
relics,  to  put  the  origin  of  man  very  far  back  in  the  history  of  the 
earth. 

ITALY   AND   THE   ROMAN   EMPIRE. 

Geographical  Italy  now  supports  about  twenty-four  millions  of 
people.  Of  the  number  at  a  period  near  the  Christian  era,  we  can 
do  little  more  than  conjecture.  The  propensity  of  mankind  to 
congregate  in  towns  and  cities  is  the  same  in  all  ages,  and  thus 
the  proportion  of  the  rural  to  the  city  population,  in  civilized 
countries,  must  be  nearly  constant.  There  is  reputed  to  have 
been  three  hundred  and  twenty  towns  and  cities,  in  the  Italian 
peninsula  in  the  time  of  Augustus  Csesar,  a  time  when  that  coun- 
try was  in  its  most  prosperous  condition. 

In  the  United  States  about  twelve  per  cent  of  the  population 
live  in  towns  of  ten  thousand  and  upwards.  In  England  and 
Wales  there  were,  in  1851,  five  hundred  and  eighty  cities,  the  av- 
erage population  of  which  was  15,500,  twenty -five  of  which  were 
above  62,000.  As  this  represents  a  dense  manufacturing  country, 
embracing  the  capital  of  vast  possessions  abroad,  the  urban  pop- 
ulation is  exceptionally  large.  In  France  (1855.)  there  were  thir- 
ty-two cities  exceeding  40,000  people.  These  contained  nine  per 
cent  of  the  empire.  Prussia  had  fifteen  cities  larger  than  32,000, 
which  represented  seven  per  cent  of  her  population. 

If  the  320  towns  and  cities  of  Italy  had  an  average  of  10,000, 
they  embraced  3,200,000.  The  city  of  Rome  in  the  days  of  Clau- 
dius is  estimated,  by  Hume  at  1,200,000,  and  by  Gibbon  not -less 
than  1,000,000,  or  nearly  one-third  of  3,200,000.  If  we  regard 
this  as  representing  only  seven  per  cent  of  the  rural  papulation  we 
have  22,400,000  people,  in  geographical  Italy  at  that  time. 

About  200  years  before  Christ,  the  city  of  Carthage,  according 
to  Strabo,  while  she  was  a  rival  of  Rome,  fighting  under  Hannibal, 
contained  700,000  souls.  Carthagena,  in  Spain,  was  not  long  after 
regarded  as  nearly  the  equal  of  Rome. 

In  the  campaigns  in  Spain,  before  the  defeat  of  the  Carthage- 
nians,  the  Romans  had  destroyed  317,600  lives.  During  twenty- 
five  years  prior  to  180  B.  C,  they  had  killed  and  captured  in  Cis- 
Alpine  Gaul,  which  corresponded  to  the  valley  of  the  Po,  250,000. 
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The  city  of  Padua  was  able  to  raise  an  army  of  120,000  men. 
Before  Christ  212,  the  island  of  Sardinia  contained  1,000,000,  and 
so  much  of  Sicily,  as  was  dependent  on  Syracuse,  600,000.  When 
all  these  indications  of  a  dense  population  are  considered,  the 
census  of  Italy  might  well  have  reached  twenty-three  or  twenty- 
four  millions,  at  the  era  of  the  greatest  power  of  Rome ;  which  is 
about  the  same  number  as  at  present. 

The  kingdom  of  Carthage  must  have  embraced  as  many  more, 
or  she  would  not  have  been  so  much  hated  and  feared  as  a  rival. 
The  Numidians  alone,  at  one  time  during  the  long  contest  between 
Rome  and  Carthage,  were  able  to  raise  300,000  soldiers,  each  of 
whom,  probably,  represented  ten  persons.  For  the  Roman  Empire 
in  Europe,  Asia  and  Africa,  in  the  reign  of  Augustus,  the  esti- 
mate of  Mr.  Gibbon  is  120,000,000.  At  the  present  time  the 
population  of  the  same  area  is  not  far  from  170,000,000.  Gibbon 
fixes  the  population  of  Italy  in  A.  D.  1781,  less  than  a  hundred 
years  since,  at  10,000,000 ;  but  this  does  not  include  all  of  the 
territory  of  the  Italy  of  the  Caesars. 

THE  JEWISH   NATION. 

There  are  three  enumerations  on  record,  of  the  men  of  war  in 
the  twelve  tribes  of  Israel,  but  no  complete  census  of  the  people. 
The  first  was  taken  at  the  time  of  their  exodus  from  Egypt,  which 
is  reasonably  well  fixed  at  1491  B.  C,  and  the  second  near  their 
entrance  into  Canaan  about  1453  B.  C.  Again  in  the  time  of 
David,  about  1015  or  1017  B.  C,  a  third  and  last  military  census 
was  taken.  Although  these  three  enumerations  go  only  a  little 
way'  towards  the  establishment  of  a  reliable  ratio  of  increase,  I 
refer  to  them  with  more  detail,  because  they  are  more  full  and 
more  ancient  than  those  of  any  other  nation. 

Among  chronologists,  there  is  a  wide  difference  in  regard  to  the 
time  which  elapsed,  between  the  migration  of  Jacob  and  his  family 
to  Egypt,  and  their  flight  to  the  deserts  of  Arabia.  By  the  Vul- 
gate or  Douay  Bible  it  is  215  years  ;  by  Josephus  and  the  Samar* 
itan  text,  210,  and  by  the  Jewish  traditions,  312.  The  apostles 
Paul  and  Stephen  speak  of  it  as  lasting  400  and  430  years.  Lep- 
sius  places  the  exodus  in  1314  B.  C,  which  would  add  117  years  to 
their  stay  in  Egypt,  beyond  that  given  in  our  Bibles  and  by  Jose« 
phus. 
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It  is  also  impossible  to  determine  how  many  persons  composed 
the  family  of  Jacob.  At  least  seventy-five  are  mentioned  in  the 
Septuagint,  and  seventy  in  our  version ;  but  the  wives  of  his  sons 
are  not  included,  who  might  extend  the  family  to  one  hundred 
persons.  Assuming  this  to  have  been  the  number,  I  have  taken 
the  case  of  the  black  race  in  the  United  States,  as  an  instance  of 
rapid  multiplication;  and  have  estimated  the  rate  of  increase  of 
the  Jews  on  that  basis,  during  their  stay  in  Egypt.  Both  people 
were  in  a  state  of  servitude,  and  lived  in  regions  where  food  was 
abundant.  In  the  case  of  the  Israelites,  their  family  pride,  their 
customs  and  their  religion,  placed  them  in  a  state  of  nearly  perfect 
isolation.  There  is  no  rnstance  of  a  people  wlio  have  adhered 
more  rigidly  to  separation  from  the  rest  of  mankind,  and  to  purity 
of  blood.  The  black  race  in  the  United  States,  since  1810,  was 
not  strengthened  by  importation,  and  thus  it  presents  the  best 
modern  instance,  of  computing  the  rate  of  a  purely  ncUural  in- 
crease. Between  1810  and  1860  inclusive,  a  period  of  fitly  years, 
the  census  of  the  United  Stales  shows  this  rate  to  have  been  a 
ft-action  over  twenty-six  per  cent^  compounded  every  ten  years,  or 
one  hundred  per  cent  in  about  thirty  years.  On  this  ratio  the  fam- 
ily of  Jacob,  counted  as  one  hundred  persons,  would  require  four 
hundred  years  to  reach  the  number  of  1,034,713.  The  two  enum- 
erations in  the  wilderness,  which  were  less  than  forty  years  apart, 
diflTer  very  little.  According  to  Josephus,  the  number  of  men 
over  twenty  years  of  age,  able  to  go  to  war,  was  601,630.  The 
largest  number  given  in  the  Vulgate  and  in  our  version,  is  603,560  ; 
differing  only  by  1,950  men.  None  of  the  Leyites  are  included. 
The  proportion  of  able-bodied  men,  to  the  entire  population,  va- 
ries in  different  countries.  In  1860,  in  the  United  States,  the 
number  of  enrolled  militia,  between  eighteen  and  forty-five  years 
of  age,  was  about  one  in  nine.  In  England  and  France  it  is  ma- 
terially less.  For  the  purpose  of  arriving  at  a  surmise  of  the 
Jewish  population,  based  upon  the  military  census,  I  assume  their 
fighting  men  each  to  represent  eight  people,  the  Levites  excepted ; 
and  their  number  to  have  been  in  round  numbers  600,000,  at  the 
exodus,  1491  B.  C. 

On  this  basis  there  should  have  been  in  the  wilderness  of  Sinai 
4,800,000  people.  The  natural  increase  of  the  black  race  in  the 
United  States  commencing  with  100  persons,  would  reach  only 
about  one-quarter  of  this  number,  in  a  period  of  400  years ;  .or 
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nearly  double  the  usually  received  period  of  the  stay  in  £g3^pt. 
If  the  negro  rate  should  be  doubled,  the  numbers  indicated  by 
their  military  strength,  as  above  given  (4,800,000),  might  have 
been  reached  in  about  250  years.  It  evidently  requires  a  longer 
period  than  210  to  217  years,  the  312  years  of  the  Rabbis,  or  even 
893  years,  as  intimated  by  Lepsius ;  unless  there  was  a  larger 
number  of  progenitors  than  100  in  the  family  of  Jacob. 

Everything  is  thus  too  vague  to  derive  a  reliable  ratio.  Among 
the  tribes,  whose  men  able  to  draw  the  sword  are  recorded  in  the 
second  registration,  there  is  a  great  difference  in  their  numbers. 
Judah  could  raise  75,500,  and  Simeon  but  22,200,  fighting  men. 

The  date  of  the  third  and  last  census,  under  King  David,  has 
been  the  subject  of  little  discussion,  the  differences  being  only  a 
few  years.  It  occurred  between  1017  and  1015  B.  C,  and  therefore 
about  440  years  after  the  last  enumeration  in  the  wilderness.  But 
a  large  discrepancy  exists  between  the  returns,  as  given  in  II 
Samuel,  chap.  24  and  I  Chronicles,  chap.  21.  There  is  no  rea- 
sonable room  to  doubt  that  both  refer  to  the  same  enumeration, 
but  in  the  recorded  results  there  is  a  difference  of  270,000  fighting 
men.  The  Levites  and  the  tribe  of  Benjamin  are  not  included, 
and  as  the  whole  thing  was  distasteful  to  Joab  and  his  captains, 
to  whom  the  business  was  intrusted,  little  care  was  probably  taken 
with  the  work.  By  the  lowest  figures,  there  were  in  Judah  500,000 
fighting  men,  and  in  Israel  800,000,  making  a  total  of  1,300,000. 
If  the  tribe  of  Benjamin  could  be  added,  it  would  somewhat  re- 
duce the  discrepancy  of  270,000 ;  but  the  text  does  not  warrant 
this,  and  even  th<ui  the  numbers  would  not  be  sufiUcient  to  har- 
monize both  accounts.  Assuming  the  same  proportion  as  before, 
of  eight  people  to  one  soldier ^  there  should  have  been  in  David's 
time  10,400,000 ;  besides  Levites  and  Benjaminites.  Whether 
this  is  near  the  truth  or  not,  the  comjyarison  between  the  time  of 
Moses,  and  that  of  David,  on  the  same  basis  of  JiglUing  men^  can- 
not be  far  wrong.  During  more  than  400  years  of  prosperity  the 
soldiers  and  the  people  had  little  more  than  doubled  in  numbers. 
When  this  is  contrasted  with  the  enormous  increase  from  Jacob 
to  Moses,  requiring  a  rate  of  more  tlian  fitty  per  cent  every  ten 
years,  it  is  apparent,  that  we  are  as  yet  unable  to  draw  satisfac- 
tory conclusions.  Probably  the  chronology  is  at  fault  as  to  the 
stay  in  Egypt. 

It  was  not  long  after  the  close  of  David's  reign,  before  civil  and 
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foreign  wars  led  to  a  rapid  destruction  and  dispersion  of  the  Jews  ; 
from  which  they  have  not  yet  recovered.  In  the  next  400  years 
the  nation  was  disintegrated. 

Mr.  Smith,  the  author  of  tlie  Dictionary  of  the  Bible^  estimates 
the  number  of  Jews  in  Palestine,  in  the  time  of  Jehoshaphat,  about 
900  B.C.,  at  6,000,000.  From  the  numbers  who  were  slain  or  cap. 
tured,  in  their  wars  with  the  Romans,  the  nation  must  have  been 
numerous  during  the  reign  of  the  emperors,  who  succeeded  Augus- 
tus. From  the  siege  of  Jerusalem  under  Titus,  A.C.  79,  to  the 
time  of  Caligula,  more  than  2,000,000  were  slain  or  captured. 

An  estimate  made  A.D.  1858,  including  Jews  in  all  parts  of  the 
earth,  gives  but  4,658,000  persons.  Their  strength  does  not  differ 
materially  now,  from  what  it  was  3,000  years  ago ;  and  therefore 
no  law  of  development  can  be  derived  from  them. 

Since  the  year  A.D.  1800,  when  the  European  nations  began  to 
take  a  more  full  and  exact  census  of  their  people,  there  has  been 
found  to  be  a  more  rapid  and  regular  rate  of  increase  in  population 
than  ever  before,  but  the  ratio  of  Europe  is  far  below  that  of  the 
United  States. 

ENGLAND   AND   WALES. 

According  to  English  statisticians,  there  was  very  little  increase 
from  the  time  of  the  Norman  conquest,  to  A.D.  1337  ;  a  period  of 
271  years.     In  1337  they  fix  the  population  at  about  2,300,000. 

In  1696,  359  years  afterwards,  it  had  about  doubled;  the  esti- 
mates then  made  with  great  care,  showing  about  5,500,000.  Again 
in  1801,  at  the  first  complete  census,  there  were  about  9,000,000, 
or  very  near  double,  covering  a  period  of  105  years.  At  the 
census  of  1861,  the  population  fell  a  little  short  of  100  per  cent 
over  1801 .  In  England  and  Wales,  the  rate  of  increase  has  been 
little  affected  by  emigration  or  destructive  wars. 

The  average  decennial  increase,  derived  from  exact  returns  since 
1801,  through  a  period  of  60  years,  is  (14.3)  fourteen  and  three- 
tenths  per  cent^  under  which  the  people  double  in  numbers  in 
about  that  time.  France  the  decennial  rate  is  a  trifle  less  than  (5) 
five  per  cent^  requiring  about  (150)  one  hundred  and  fifty  yearsy 
to  double  the  population. 

The  above  data,  with  some  additions,  are  here  repeated  in  a  more 
condensed  form  in  the  following  table. 
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The  foregoing,  like  all  statistics  of  ancient  populations,  show 
many  incongruities,  but  they  are  also  of  sufficient  value  to  show 
that  nations  have  not  progressed  in  numbers  with  regularity. 
All  of  them  have  experienced  diminution  as  well  as  increase. 
Their  decadence  is  a  rule  as  much  as  their  progress ;  and  if  it  is 
a  rule  of  nations,  it  must  tend  to  diminish  the  ratio  of  increase  of 
the  population  of  the  earth.  The  wars  of  the  ancients,  carried  on 
by  swords,  spears,  arrows  and  clubs,  used  in  hand-to-hand  com- 
bats, were  much  more  fatal  than  those  of  our  day.  Their  wars 
were  also  much  more  prolonged,  and  every  way  more  exhausting. 
Within  three  hundred  years  the  expectation  of  life  has  about 
doubled.  1 

The  ancients  had  very  limited  means  of  transportation,  espe- 
cially for  heavy  articles,  such  as  constitute  the  food  of  man.  On 
large  rivers  and  along  the  shores  of  oceans,  it  could  be  done ;  but 
only  in  a  limited  way,  compared  with  modern  commerce.  Their 
mode  of  cultivation  soon  exhausted  the  soil.  In  countries  which 
were  interior,  and  thus  cut  off  from  supplies,  horrible  famines 
were  common,  such  as  we  have  recently  known  in  Persia.  But 
in  favorable  regions,  especially  where  the  climate  is  genial,  the 
ancient  population  frequently  exceeded  the  modern,  in  territorial 
density. 

There  is'  in  all  parts  of  the  world  evidence  of  people  who  lived 
prior  to  any  historical  records.  In  Italy,  the  Etruscans  had  built 
structures  of  respectable  size,  which  were  ancient  and  in  ruins, 
when  Rome  was  founded.  Of  the  early  nations  which  inhabited 
this  continent,  we  know  very  little. 

The  Peruvians,  of  the  era  of  the  Incas,  were  preceded  by  a  race 
whose  architectural  remains  and  whose  character  were  a  mystery 
to  them. 

In  Central  America  there  were  people  of  more  antiquity  than 
the  Aztecs  or  Toltecs,  whose  monuments  still  exist. 

It  is  the  same  in  the  valley  of  the  Mississippi,  where  the  mound 
builders  once  lived.  Back  of  them  all,  in  Europe,  arc  the  relics 
of  the  dwellers  in  caves;  the  earliest  type  of  mankind.  Between 
Ezion  Geber  on  the  Bed  Sea,  along  the  old  route  to  the  valley  of 

>In  Geneva  accurate  registers  have  been  kept  of  the  yearly  average  of  life  since  1560, 
which  was  then  22  years  and  6  months;  in  18:i3  it  was  40  years  and  6  months.  Thus,  in 
less  than  SOO  years  the  average  duration  of  life  has  nearly  doubled.  In  the  fourteenth 
century  the  average  mortality  in  Paris  was  one  in  16;  tt  is  now  about  one  in  33.  In 
England  the  rate  of  mortality  in  16t0  vihb  one  in  33, 
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the  Jordan,  there  are  inscriptions  on  the  rocks,  in  languages  that 
are  otherwise  unknown. 

AMBRICA. 

In  North  America  there  was,  in  the  valley  of  the  Mississippi, 
the  race  of  the  mounds ;  at  least  as  ancient  as  the  era  of  Christ* 
On  the  waters  of  the  Pacific  were  the  Pueblo  Indians,  who  erected 
large  edifices  of  stone. 

In  the  more  northerly  parts  of  North  America,  and  along  the 
Atlantic  coast,  were  the  red,  or  copper  colored  tribes ;  which,  how- 
ever, were  never  very  numerous,  because  they  were  always  hunters  ; 
not  cultivators  of  the  soil.  South  of  the  United  States,  there  was 
probably  as  large  a  population  two  thousand  years  since,  as  there 
is  now,  which  is  shown  in  the  following  table : 

SoiUh  America,  In  1851  (nncivUized  Indians  excepted) 19,192.020 

West  Indies 3,500,000 

Central  America  (wild  Indians  excepted) 2,010,000 

The  Indians  or  the  United  States,  1850 294,113 

Alexico  (1857) 7,859,564 

Mound  biiilUerb,a  numerous  people,  say 500,000 

Pueblo  and  other  Indians,  say 300.000 

Total 33,664,697 

Forty  millions  would  be  a  large  estimate  for  America  in  the  fiirst 
centui-y  of  our  era. 

ESTIMATED  POPULATION  OF  THE  EARTH  ABOUT   THE  CHRISTIAN  ERA 


COUNTRIES. 


Roman  Empire,  including  Europe  west  of  the  Nelmen  and  the  Dnieper  . 
Asia  Muior,  Palebtine  and  North  Alrica,  according  to  Gibbon... 

Asia,  south  of  the  Himalnyss,  including  IHntloatan,  Persia,  the  Malay 
J^eninitula,  and  tlie  iblunds  oi  Oceanica  (conjecture) 

China  and  Japan  (conjecture).... 

Tartars,  noith  of  the  Himalayas,  Scythians  and  Teutons,  north  of  Eu* 
rope,  say 

Central  and  South  AfVica,  say 

America,  say 

Total 


120,000,000 

100,000,000 
60,000,000 

25,000,000 
26,000,000 
40,000,OCO 
360,000,000 


The  United  States  has  been  so  much  affected  by  immigration, 
that  its  rate  is  no  guide  in  the  pursuit  of  the  ratio  of  natural  in" 
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crease;  neither  is  the  low  rate  of  periods  prior  to  the  present  cen- 
tury a  guide  in  predicting  for  the  future.  There  are  now  so  many 
causes  in  active  operation  to  increase  the  human  family,  to  prolong 
and  to  preserve  life,  that  no  calculations  for  the  past  can  be  based 
upon  our  present  condition. 

The  figures  I  have  presented  only  show  that  a  very  long  period 
must  have  elapsed  between  the  first  appearance  of  man  upon  the 
earth,  and  the  earliest  historical  records. 

If  the  human  race  were  no  more  prolific  prior  to  the  Christian 
era  than  it  has  been  since,  the  day  of  its  origin  can  readily  be  put 
back  to  the  close  of  the  glacial  period.  If  we  admit  that  the 
Creator  originated  species  as  soon  as  the  earth  was  in  a  fit  condi- 
tion for  their  self-existence,  the  period  of  the  genesis  of  man 
must  have  been  at  least  as  early  as  that  last  change  in  the  condi- 
tion of  the  earth. 

All  the  facts  within  my  reach,  and  all  the  estimates  worthy  of 
consideration,  are  embodied  in  the  annexed  table,  constructed  on 
the  basis  of  the  periods  occupied  in  duplicating  the  population  of 
nations. 


On  thb  Relations  op  the  Niagara   and   Lower  Helderbero 

Formations,  and  their  Geographical  Distribution  in  the 

United  States  and  Canada.     By  James  Hall,  of  Albany, 

N.  Y. 

In  proceeding  to  the  discussion  of  this  subject,  I  propose  in 

the  first  place  to  cite  a  paper  read  by  Mr.  A.  H.  Worthen  at  the 

Troy  Meeting  of  the  American  Association,  and  published  in  the 

Proceedings  under  the  following  title : 

Remarks  on  the  Relative  Age  of  the  Niagara  and  so-called 
Lower  Helderherg  Groups.  By  A.  H.  Worthen,  of  Springfield^ 
Illinois,'* 

Recent  investigations  have  developed  certain  facts,  bearing 
upon  the  question  of  the  relative  age  of  the  above  named  groups, 

A.  A.  A.  6.  vol.  xxn.     B.  (21) 
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which  we  desire  to  present  in  a  brief  manner  for  the  consideration 
of  those  who  are  especially  interested  in  stratigraphical  geology. 

In  northern  and  western  Illinois,  from  the  mouth  of  the  Illinois 
River  northward  to  the  Wisconsin  line,  the  Upper  Silurian  divis- 
ion of  the  palaeozoic  series  is  represented  by  buff,  gray,  or  yellow- 
ish-gray dolomites,  sometimes  in  remarkably  even  beds,  as  at 
Joliet  and  Grafton ;  and  at  other  localities  by  concretionary 
masses,  with  but  faint  traces  of  stratification,  as  at  Bridgeport, 
near  Chicago,  and  at  Port  Byron  and  Leclare,  at  the  head  of  the 
Upper  Rapids  on  the  Mississippi  River.  They  range  in  thickness, 
from  seventy-five  to  three  hundred  feet,  and  directly  overlie  the 
siiales  and  argillaceous  limestones  of  the  Cincinnati  group  of  the 
Lower  Silurian  series.  These  dolomites  are  quite  fossil iferous, 
and  afford  many  characteristic  Niagara  species,  among  which  we 
may  mention  Pentamerus  ohlongus^  Spirifer  radiatus^  Calymene 
Blumenhachii^  Ccwyocnnus  ornatus^  Orthoceras  undulatum^  etc. 
From  the  Bridgeport  locality  alone,  nearly  one  hundred  species  of 
fossils  have  been  enumerated,  a  large  number  of  which  are  specif- 
ically identical  with  those  found  in  the  Niagara  beds  of  New  York 
and  Canada;  and,  so  far  as  we  are  aware,  all  western  geologists 
are  agreed  in  considering  these  dolomites  to  be  the  stratigraphical 
equivalents  of  the  Niagara  groui)  of  New  York. 

In  southern  Illinois  we  find  these  dolomites  replaced  by  a  series 
of  silicious  and  argillaceous  limestones,  forming  a  group  two 
hundred  and  fifty  feet  or  more  in  thickness,  which,  like  the  dolo- 
mites of  northern  Illinois,  rest  directly  upon  the  Cincinnati  group, 
and  are  im mediately'  succeeded  b}'  Devonian  strata.  At  the  base 
of  this  group  of  silicious  limestones,  there  are  some  reddish  mot- 
tled beds,  from  ten  to  twenty  feet  in  thickness,  that  in  color  bear 
considerable  resemblance  to  the  Medina  sandstone  of  New  York  ; 
and  these  mottled  limestones  pass  gradually  into  the  buff  and 
gray  silicious  beds  that  constitute  the  upper  and  main  portion  of 
the  group.  Fossils  are  rare  in  the  lower  portion  of  the  group 
here ;  but  the  mottled  limestones  contain  some  Orthoceratites^ 
apd  joints  of  large  Crinoklea^  while  the  middle  and  upper  por- 
tions are  locally  quite  fossiliferous,  and  have  afforded  many  of  the 
characteristic  species  of  the  so-called  Lower  Helderberg  group, 
among  which  are  the  following:  Orthis  suhcarinata^  O.  oblata^ 
Coilospira  suhcarinata^  C.  imbrkata^'Sjnrifer  per-lamellosua^  and 
Platyceras  sjnrale  of  Hall,  and  Acidasjna  hamatus  of  Conrad, 
together  with  species  closely  resembling,  if  not  identical  with, 
Merista  princeps^  Platyceras  pyramidatum^  P.  unguiforme^  P,  in' 
ct7e,  and  P.  multistriahim  of  Uall. 

In  the  first  volume  of  the  *  Report  on  the  Geological  Survey  of 
Illinois,'  these  silicious  limestones  of  the  southern  portion  of  the 
state,  and  the  dolomites  of  northern  Illinois,  were  regarded  as 
the  stratigraphical  eqnivalents  of  the  Niagara  group,  and  were  in- 
cluded together  as  representing  a  single  division  of  the  Upper 
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Silurian  series ;  but,  subsequently,  in  a  corrected  section  of  the 
Illinois  strata,  published  in  the  introduction  to  the  second  volume, 
we  were  induced,  from  the  dissimilarity  of  the  fossils  from  the 
different  sections  of  ttie  state,  to  regard  the  silicious  limestones 
of  southern  Illinois  as  the  representatives  of  a  higher  geological 
horizon,  and  tlierefore  placed  them  above  the  dolomites  of  the 
northern  part  of  the  State,  as  the  equivalents  of  the  so-called 
Lower  Helderberg  group.  We  are  now,  however,  fully  satisfied 
from  a  further  examination  of  these  Upper  Silurian  strata,  over  a 
more  extended  region,  that  our  first  conclusion  was  correct,  and 
that  these  silicious  limestones  and  dolomites  represent  the  same 
geological  horizon,  and  that  the  difference  in  the  specific  charac- 
ter of  their  fossil  contents  is  entirely  due  to  the  changes  in  the 
oceanic  conditions  under  which  they  were  deposited,  and  not  to 
the  different  ages  of  the  sediments  themselves. 

South  of  the  Ohio  River,  thi-se  Upper  Silurian  strata  are  found 
well  exposed  in  Tennessee,  in  the  counties  of  Wa^'ne,  Perry  and 
Decatur,  on  the  Tennessee  River,  outcropping  over  a  wide  area 
and  affording  numerous  species  of  fossils  in  a  tine  state  of  preser- 
vation. The  base  of  the  group  here  consists  of  reddish  and  mot- 
tled limestones,  very  similar  to  those  in  southern  Illinois,  and  con- 
tain Oiihoceras  undulatum,  and  joints  of  large  crinoids  in  great 
abundance.  These  red  limestones  are  succeeded  by  a  series  of 
greenish-gray  shales,  and  shaly  argillaceous  limestones,  contain- 
ing Caryocrinus  ornatus,  Calymene  Blumenbachii^  Sphijerexochua 
mirna^  Platyceras  Niagarense^  Pejitamencs  ohlongus^  Orthis  hybrida^ 
0,  elegantula^  etc.,  associated  with  such  Lower  Helderberg  forms 
as  Pentamerus  galeatus^  Spirifer  per-lamellosus^  S,  macropleura^ 
Merista  Icevis^  libynchonella  veiitricosus^  and  many  others,  showing 
that  the  fossils  of  these  so-called  groups  are  here  intermingled 
through  the  same  strata,  confirming  what  we  had  already  assumed 
to  be  true  in  Illinois,  that  the  Upper  Silurian  beds  of  the  West 
constitute  but  a  single  group,  and  consequently  that  the  term 
Lower  Helderberg,  as  applied  to  a  group  distinct  from  the  Niag- 
ara, is  superfluous.  We  recollect  that,  on  visiting  the  locality  of 
these  so-called  Lower  Helderberg  limestones  in  the  Schoharie  val- 
ley some  years  ago,  we  observed  these  limestones  resting  imme- 
diately upon  undisputed  Lower  Silurian  beds  there,  and,  in  ex- 
planation of  their  occurrence  in  this  apparent  abnormal  position, 
we  were  told  that  the  Niagara  group  was  supposed  to  have  thinned 
out  to  the  eastward,  and  that  these  Lower  Helderberg  limestones 
took  their  place.  But  is  it  not  quite  as  probable  that  there  has 
only  been  a  change  in  the  lithological  character  of  the  beds  in 
their  eastern  extension  in  New  York,  resulting  there,  as  in  Illinois, 
in  a  decided  change  in  the  specific  character  of  the  fossils  which 
they  contain,  and  that  the  Upper  Silurian  beds  at  Schoharie  are 
exact  equivalents  of  the  Niagara  shales  and  limestones  in  the 
western  part  of  the  State  ? 
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To  recapitulate,  then,  the  facts  as  they  are  presented  in  the 
"West ;  we  find  that  the  dolomites  ot  nortliern  Illinois  contain  only 
Niagara  fossils,  and  the  siiicious  limestones  of  the  southern  por- 
tion of  the  State  contain  only  those  considered  characteristic  of 
tlie  Lower  Helderberg  group ;  while  the  beds  in  Tennessee,  occu- 
pying the  same  stratigraphical  position  with  the  dolomites  and  the 
siiicious  limestones  of  Illinois,  have  Niagara  and  Lower  Helder- 
berg  fossils  intermingled  indiscriminately  through  the  strata. 
Hence  we  conclude  that  the  so-called  Lower  Helderberg  group  has 
no  real  existence  as  a  distinct  group  of  Upper  Silurian  strata,  and 
that  the  name,  being  superfluous,  should  be  dropped  from  the  no- 
,  menclature  of  the  American  rocks." 

It  is  here  proposed,  in  an  article  of  less  than  three  pages,  to 
discard  entirely  from  the  geological  series  and  geological  nomen- 
clature a  well  recognized  group  of  strata  ;  well  known  and  clearly 
defined  for  more  than  one  thousand  miles  in  extent  of  country, 
spreading  diagonally  over  nearly  or  quite  fifteen  degress  of  lati- 
tude, while  its  undulating  and  repeated  outcrops,  owing  to  anti- 
clinal erosion,  add  some  hundreds  of  miles  more  to  its  known  ex- 
posures. 

The  result  of  tedious  and  careful  field  investigations  in  the 
working  out  of  hundreds  of  sections  in  various  parts  of  the  coun- 
try has  been  supplemented  by  the  study  of  large  collections  of 
numerous  species  of  fossils,  and  the  final  comparison  of  all  these 
fossils,  from  the  far  northeast  on  the  St.  Lawrence  to  Tennessee 
on  the  southwest — from  the  Mississippi  valley  on  the  west,  from 
the  states  of  Iowa,  Illinois,  Wisconsin,  the  Islands  of  Lake  Huron, 
and  Canada  West  (or  Ontario),  together  with  the  more  critical 
study  of  the  rocks  and  fossils  within  the  limits  of  the  state  of 
New  York  —  are  all  to  be  set  aside,  and  a  simple  assertioti^  un- 
supported by  sections,  by  fossils,  and  I  may  say  by  a  single  fact 
of  importance,  is  to  be  substituted  for  all  the  labors  of  thirty 
years. 

This  assertion  comes  from  a  gentleman  holding  the  important 
and  responsible  position  of  State  Geologist  of  Illinois,  whose 
name  is  associated  with  so  much  of  the  geology  and  paleontology 
of  the  West  as  to  give  currency,  if  not  authority  and  authenticity, 
to  what  he  may  say  :  —  and  certainly  he  ought  not,  without  good 
reason  and  authentic  data,  make  such  assertions  nor  put  such  a 
paper  before  the  American  Association  for  the  Advancement  of 
Science. 

But  will  the  geologists  of  the  United  States  accept  this  so-called 
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determination  of  tlie  identity  of  the  groups  of  strata  known  as  the 
Niagara  and  the  LiOwer  Heldbrbbrg?^ 

But  Mr.  Worthen  is  not  original  in  this  view  of  the  relations  of 
the  two  groups  of  strata.  He  has  merely  revived  an  old  and  dis- 
carded error.  The  same  assertion  was  long  ago  made  in  the  Geo- 
logical Reports  of  Pennsylvania  and  elsewhere ;  and  was  at  one 
time  the  generally  accepted  belief  among  geologists.  Professor 
Rogers,  in  a  paper  upon  Niagara  Falls  published,  I  believe,  in 
1832,  takes  this  view  of  the  relations  of  these  formations,  and  in- 
cludes also  the  limestones  of  Black  Rock  under  the  same  desig- 
nation. It  is  not  surprising  that  at  that  period,  when  no  critical 
examinations  had  been  made,  when  we  had  no  knowledge  of  pale- 
ontology as  a  guide  in  the  more  obscure  and  difficult  points,  that 
great  surface  features  should  have  been  taken  as  guides  in  the 
determination  of  geological  formations.  It  happened  in  this  case 
that  the  great  escarpment  of  the  Niagara  at  Lewiston  and  Queens- 
town  was  regarded  as  the  extension  of  that  of  the  Helderberg  and 
the  south  side  of  the  Mohawk  valley.  The  limestone  of  Black 
Rock,  though  so  far  separated  from  Niagara,  was  regarded  as  a 
part  of  the  same  ;  the  features  in  the  West  being  more  subdued, 
as  was  supposed. 

This,  in  brief,  was  the  condition  of  our  knowledge  and  belief  re- 
garding these  formations  at  the  beginning  of  the  New  York  Geo- 
logical Survey,  and  for  some  time  afterward. 

The  one  horizon  which  above  all  others  was  at  that  time  re- 
garded as  fixed  beyond  question  was  that  of  the  salt-bearing 
strata.  This  formation,  at  its  base  bearing  a  great  thickness  of 
red  and  mottled  shales  and  marls,  succeeded  by  gray,  ash  or  drab 
colored  beds  of  similar  characters,  and  finally  hard  beds  of  lime- 
stone, was  regarded  as  clearly  defined  from  Saltspringville  in  the 
Mohawk  valley,  by  way  of  Syracuse,  Montezuma,  and  thence 
westward  along  the  base  of  the  Limestone  Terrace  from  Rochester 
to  Lewiston. 

Throughout  this  entire  extent  salt  springs  had  been  discovered, 
and  brines  of  varying  and  different  qualities  were  known  to  exist. 
No  doubt  of  the  nature,  age,  or  identity  of  the  formation,  from 

>Of  late  years,  in  certain  quarters,  it  hns  been  only  necessary  to  contradict  what 
has  been  done  in  the  State  of  New  York,  or  by  persons  in  her  employ,  both  In  geology 
and  paleontolofcy<  to  have  the  statement  accepted  on  bare  assertion.  I  might  insbtnce 
examples  too  numerous  to  be  creditable  to  tlie  acumen  and  good  sense,  to  say  nothing 
of  the  scientiflo  ability,  uf  those  who  propose  or  accept  such  conclusions. 
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Herkimer  county  to  the  Niagara  River  at  Lewiston,  had  ever  been 
expressed,  or,  so  far  as  I  know,  entertained  by  any  one.  Now, 
though  this  may  seem  irrelevant  to  the  question  before  us,  it 
nevertheless  lies  at  the  foundation  of  the  eiTor  then  prevalent, 
regarding  the  Niagara  and  Helderberg  formations ;  and  is  inti- 
mately connected  with  the  greater  error  now  sought  to  be  revived 
in  the  paper  under  consideration. 

It  was  not  until  the  close  of  the  field  work  of  1838  that  this 
question  came  before  the  assembled  members  constituting  the 
Commission  of  the  New  York  Geological  Survey.  The  youngest 
member  of  that  body  had  asserted,  as  the  result  of  his  investiga- 
tions, that  the  rocks  at  the  base  of  the  Niagara  Terrace,  consist- 
ing of  red,  gray  and  mottled  marls  and  sandstones,  were  not  the 
continuation  of  the  salt-bearing  beds  of  Onondaga,  and  elsewhere 
to  the  eastward,  but  a  lower  formation ;  that  the  Niagara  lime- 
stone, so  largely  developed  at  Niagara  and  Lockport,  was  not  a 
continuation  of  the  limestone  of  the  Helderberg,  but  a  distinct 
formation  ;  having  its  greatest  development  towards  the  west,  and 
gradually  thinning  to  the  eastward ;  and  that  instead  of  lying 
above  the  Salt  formation  it  lay  beneath  it :  that  the  Salt  forma- 
tion, extending  westward  from  Syracuse,  passed  to  the  southward 
of  the  Niagara  Terrace,  and  formed  the  broad  belt  of  flat  country 
to  the  south  of  the  range,  which  is  so  marked  a  feature  from  the 
Genesee  River  south  of  Rochester  to  the  Niagara  River  at  Tona- 
wanda:  thus  separating,  by  a  distance  of  several  miles,  the  lime- 
stone of  Niagara  and  that  of  Black  Rock. 

The  conditions  which  originally  led  to  the  misapprehension  of 
the  relations  of  the  different  formations,  are,  the  flat  marshy  coun- 
try from  the  outlets  of  Seneca  and  Cayuga  lakes  to  the  northwai-d, 
which  has  obscured  the  outcrops,  and  beyond  this,  in  Wayne 
county,  the  great  accumulation  of  drift,  which  has  deeply  covered 
the  rock  over  a  large  area.  If  to  these  we  add,  that  in  the  ear- 
lier geographical  explorations  the  line  of  the  Erie  canal  was  that 
principally  travelled, — that  the  passage  from  the  red  and  gray 
marls  of  the  Onondaga  region  to  the  red  and  mottled  marls  of 
the  Medina  sandstone  at  Rochester  and  westward  of  the  Genesee 
River  was  through  an  alluvial  or  drift  country  which  concealed 
the  underlying  rock  formations, — the  supposed  identification  of 
the  two  formations  is  not  surprising. 

That  such  views  should  prevail  before  continued  and  connected 
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observations  had  been  carried  on,  we  are  prepared  to  understand ; 
but  after  nearly  forty  years  of  observation,  and  after  the  rela- 
tions of  all  these  rocks  have  been  fully  understood  for  thirty  years 
or  more,  I  submit  that  it  is  not  worthy  of  the  credit  of  the  Amer- 
ican Association  to  allow  such  a  paper  to  pass  into  its  publica- 
tions without  serious  consideration.  Personally,  I  may  be  inter- 
ested in  this  question  more  than  others,  since  I  have  published  a 
volume  principally  upon  the  paleontology  of  the  formation  or 
group  here  proposed  to  be  discarded  as  having  no  separate  or  dis- 
tinct existence  in  the  series ;  but  the  science  of  geology  and  those 
who  pursue  that  science,  have  an  interest  in  this  question  far  su- 
perior to  one  of  mere  personality. 

Geological  relations  and  geographical  extension  of  the  groups  in 
question. 

Starting  from  the  t\^pical  locality  of  the  Niagara  group,  where 
we  have  of  the  shale  and  limestone  a  thickness  of  something  more 
than  two  hundred  feet,  and  tracing  the  outcrop  in  an  easterly  direc- 
tion, we  find  a  very  gradual  but  pretty  constant  thinning  of  the 
beds  of  the  formation,  so  that  at  a  point  one  hundred  miles  east 
of  the  Niagara  Hiver,  it  has  a  thickness  of  scarcely  one  hundred 
feet.  Farther  east,  in  Oneida  county,  the  formation  is  still  thin- 
ner, and  in  some  places  has  become  in  part  or  almost  entirely  a 
brecciated  and  concretionary  mass,  with  few  or  no  fossils.^ 

Going  eastward  it  becomes  still  further  attenuated,  but  can 
still  be  traced  both  in  its  physical  aspect  and  outcrop,  and  by  its 
fossil  contents.  In  the  neighborhood  of  Schoharie,  Cobleskill, 
Cheriy  valley,  etc.,  it  is  known  as  the  Coralline  Limestone,  from 
its  abundance  of  corals.  These  are  principally  identical  with  the 
corals  of  the  Niagara  group  in  western  New  York ;  and  most  of 
the  species  of  Brachiopoda,  which  occur  in  a  condition  to  be  recog- 
nized, are  similar  or  identical  with  Niagara  forms,  while  there  are 
several  species  quite  distinct  from  those  of  the  Niagara  group  in 
the  west.  The  upper  limit  of  Haly sites  catenulatus^  so  far  as 
known  in  New  York,  is  in  the  Niagara  limestone ;  and  this  fossil 
occurs  in  the  coralline  limestone  at  Schoharie  and  at  Litchfield  in 
Herkimer  county. 

I  have  given  in  vol.  ii,  Pal.  N.  Y.,  p.  321,  more  at  length,  my 

*  In  that  part  of  the  state  the  formation  is  so  Insignificant,  that  it  was  originallv  re- 
garded by  Mr.  Vanuxom  as  a  subordinate  member  of  tlie  Protean  or  Clinton  group; 
and  was  only  recognized  by  him  as  a  distinct  formation  in  1839,  after  the  invesCiga* 
tions  in  the  western  counties  had  shown  its  true  relations  and  importance. 
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reasons  for  regarding  this  coralline  lime8fx>ne  as  the  easterly  con- 
tinuation of  the  Niagara  group  ;  and  since  the  time  of  that  publi- 
cation, I  have  made  numerous  observations  upon  the  relations  of 
the  coralline  limestone,  all  of  which  have  tended  to  confirm  the 
views  there  expressed.  This  coralline  limestone  in  its  attenuated 
form  may  be  recognized  in  the  valley  of  the  Hudson  River  under- 
lying the  water-lime  formation  at  numerous  localities. 

Now  returning  along  this  line  of  outcrop  to  the  Niagara  River, 
and  following  the  formation  to  the  northwest,  we  find  it  expand- 
ing in  thickness  and  area  through  Canada  West  to  Cabot's  Head  ; 
appearing  in  the  islands  along  the  eastern  and  northern  side  of 
Lake  Huron,  and  stretching  across  the  peninsula  from  St.  Joseph's 
River  to  the  outlet  of  Green  Bay  ;  thence  occupying  the  principal 
part  of  the  peninsula  between  Green  Bay  and  Lake  Michigan,  it 
expands  to  the  southward  beyond  the  southern  limits  of  that  lake, 
and  thence  trends  to  the  west  and  northwest  through  Illinois  and 
Iowa.  From  the  Niagara  River  westward,  the  formation  is  chiefly 
a  magnesian  limestone,  and  in  many  localities  carries  an  abun- 
dance of  fossils ;  both  the  physical  and  paleontological  evidence 
leaves  no  doubt  as  to  the  age  and  relations  of  the  formation. 

Returning  again  to  the  eastward  and  southward,  we  find  that 
the  anticlinal  movement,  which  elevated  the  islands  in  the  western 
part  of  Lake  Erie,  has  brought  up  the  Niagara  formation  in  the 
adjacent  parts  of  Ohio,  where  it  is  marked  by  the  presence  of  a 
greater  or  less  proportion  of  its  characteristic  fossils.  Here  it 
stretches  in  a  low  axis  for  miles  to  the  south  of  the  lake,  and 
thence  spreads  and  outcrops  on  either  side  of  the  rocks  of  the 
Hudson  River  and  Trenton  age,  which  form  the  central  or  lower 
visible  portion  of  the  Cincinnati  axis. 

Following  this  direction  it  extends  through  Kentucky  and  Ten- 
nessee, everywhere  carrying  its  characteristic  fossils. 

Throughout  all  this  extent,  until  the  formation  reaches  Tennes- 
see, there  is  no  question  raised  as  to  the  identity  and  purity  of 
the  Niagara  group.  Here,  it  is  said  that  the  fossils  of  the  Niag- 
ara are  mingled  with  those  of  the  Lower  Helderberg  group.  And 
again,  on  the  Mississippi  River,  in  Illinois  and  Missouri,  we  are 
told  that  this  mingling  of  the  fossils  of  the  two  periods  occurs. 

But  before  proceeding  to  discuss  this  part  of  the  question,  let 
us  for  a  moment  give  attention  to  what  is  termed  the  Lower 
Helderberg  group  in  its  typical  localities. 
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In  the  Helderberg  Moantains  in  Albany  county,  and  in  Scho- 
harie along  the  valley  of  the  Schoharie  Creek,  and  in  the  Cobles- 
kill  valley,  we  find  everywhere  a  series  or  group  of  limestones,  of 
which  we  distinctly  recognize  four  members ;  these  are  known,  in 
the  ascending  order,  as  Tentaculite  limestone.  Lower  Fentamerus 
limestone,  Shaly  limestone  and  Upper  Fentamerus  or  Scutella 
limestone.  There  is  in  some  places  for  miles  in  extent  a  mass  of 
Stromatopora  limestone  between  the  Tentaculite  and  Lower  Fen- 
tamerus limestones.  These  together  constitute  the  Lower  Helder- 
berg group,  forming  in  Albany  county  the  base  of  the  Helderberg 
mountains,  and  everywhere  succeeded  by  the  Oriskany  sandstone, 
Cauda- gall i  and  Schoharie  grit  and  Comiferous  limestone,  and 
these,  in  the  summits  of  the  hills  by  the  arenaceous  shales  of  the 
Hamilton  group. 

This  group  of  limestones  is  everywhere  characterized  by  the 
presence  of  fossils,  often  in  immense  numbers,  and  specifically, 
with  very  few  exceptions,  quite  unlike  the  fossils  of  the  rocks 
above  or  below  this  horizon.  From  the  Helderbergs,  and  the  val- 
ley of  the  Schoharie,  we  are  able  to  trace  the  formation  to  the 
westward  through  the  northern  part  of  Otsego,  and  tiie  southern 
part  of  Herkimer  and  Oneida  counties ;  and,  according  to  Mr. 
Vanuxem,  it  is  recognized  in  the  eastern  part  of  Onondaga  coun- 
ty, by  the  presence  of  some  of  its  peculiar  fossils.  From  the 
Helderberg  mountains  the  group  gradually  thins  to  the  westward  ; 
and  in  Herkimer  county  the  divisions  of  the  several  members  are 
scarcely  recognized,  the  entire  mass  becoming  more  completely 
calcareous  but  still  charged  with  an  abundance  of  the  character- 
istic fossils  of  the  group.  West  of  Onondaga  county  the  place  of 
the  formation  is  often  recognized  by  a  stratum  of  hard,  compact 
limestone  lying  beneath  the  Oriskany  sandstone.^  It  is  quite  evi- 
dent that  the  force  of  the  entire  group  diminishes  in  a  westerly 
direction. 

Returning  to  the  point  of  departure  in  the  Helderbergs,  we  are 
able  to  trace  the  rocks  of  this  group,  in  their  clearly  defined  and 
unmistakable  characters,  through  the  eastern  counties  of  New 
York  to  the  limits  of  the  state  of  New  Jersey.  In  the  north- 
west part  of  that  state  the  formation  has  been  distinctly  recog- 
nized by  Frofessor  Cook.      The  same  has    been  fully  described 

*  In  some  former  Reports  on  the  Geology  of  the  western  connties,  this  rock  is  de- 
scribed as  worn  or  eroded  previous  to  the  deposition  of  the  Oriskany  sandstone. 
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as  the  '^  Limestone  formation,  No.  yi  "  in  the  geological  survey 
of  Pennsylvania,  where  it  appears  in  numerous  outcrops,  and 
extends  thence  through  the  western  part  of  Maryland  and  through 
Virginia,  along  the  Appalachian  range  into  Tennessee. 

Nowhere  throughout  this  extent  of  country,  as  far  as  Virginia, 
has  any  one  shown,  or  attempted  to  show,  the  mingling  of  lower 
Helderberg  and  Niagara  forms  among  the  fossils.  In  the  large 
collections  which  I  possess  from  Maryland  and  Virginia,  I  have 
never  observed  the  least  evidence  of  such  mingling ;  and  in  Mary- 
land  and  the  adjacent  parts  of  Virginia  I  can  speak  ftom  personal 
observation  that  the  formation  is  as  well  defined  physically  as  in 
any  part  of  New  York. 

Let  us  now  look  to  the  northeast,  where  the  geological  survey 
of  Canada  has  traced  the  lower  Helderberg  formation  from  Mon- 
treal to  Gaspe.  Having  examined  large  collections  of  these  fos- 
sils from  the  Gaspe  region,  and  others  from  near  Montreal,  I  have 
never  seen  the  least  indication  of  a  mingling  of  any  other  forms 
with  those  characteristic  of  the  Lower  Helderberg. 

We  have  now  traced  this  formation  from  the  forty-third  par- 
allel in  the  state  of  New  York  to  about  the  thirty-fifth  parallel  of 
latitude  in  Tennessee,  and  over  the  greater  part  of  this  extent  we 
have  no  knowledge  of  a  mingling  of  the  fossils  of  the  two  groups 
or  formations.  Again,  from  the  vicinity  of  Montreal  to  Gaspe,  a 
distance  of  some  seven  hundred  miles,  the  formation  wherever 
known  carries  its  characteristic  fossils. 

This  group  is  likewise  recognized  in  the  state  of  Maine,  where 
it  is  characterized  by  numerous  well  known  fossils ;  and  it  is  not 
improbable  that  it  may  be  equally  so  in  the  eastern  townships  of 
Canada  and  in  the  belt  of  limestones  extending  through  Vermont 
to  the  northern  part  of  Massachusetts. 

Having  thus  hastily  sketched  the  ground  occupied  by  these  two 
groups  of  strata,  we  may  now  consider  their  relations  to  each 
other,  and  the  evidence  of  the  mingling  of  the  fossils  which  would 
render  it  necessary  to  relieve  the  nomenclature  of  geology  of  one 
of  these  names,  heretofore  adopted,  and  in  general  use  wherever 
geology  is  written  or  spoken. 

I  will  here  cite  a  single  sentence  from  the  paper  referred  to : — 

"  We  recollect  that,  on  visiting  the  locality  of  these  so-called 
lower  Helderberg  limestones  in  the  Schoharie  valley  some  years  ago, 
we  observed  these  limestones  resting  immediately  upon  undisputed 
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lower  Silurian  beds  there ;  and,  in  explanation  of  their  occurrence 
in  this  apparent  abnormal  position,  we  were  told  that  the  Niagara 
group  was  supposed  to  have  thinned  out  to  the  eastward,  and 
that  these  lower  Helderberg  limestones  took  their  place." 

Fortunately  or  unfortunately  there  is  no  evidence  given  as  to 
the  authority  or  by  whom  ^^we  toere  told'*  that  the  Niagara  group 
had  thinned  out  to  the  eastward.  In  the  first  place  let  us  inquire 
as  to  the  fact  of  the  lower  Helderberg  ^'limestones  resting  imme* 
diately  upon  undisputed  lower  Silurian,  beds  there"  or  elsewhere. 
Having  been  familiar  with  the  Schoharie  valley,  and  having  made 
numerous  sections,  and  explored  long  lines  of  outcrop  in  that 
valley,  in  the  Cobleskill  valley  and  in  the  Helderberg,  I  have 
never  been  able  to  see  the  lower  Helderberg  limestones  resting 
upon  lower  Silurian  rocks.  On  the  contrary,  the  section  of  strata 
everywhere  shown  is  the  following,  as  given  on  the  diagram,  from 
the  sandstones  of  the  Hudson  River  group  to  the  Oriskany  sand- 
stone : — 

Oriskany  sandstone. 

r  Upper  Pentamerus  limestone. 
Lower  Helderberg     J  Shaly  limestone. 

group.  1  Lower  Pentamerus  limestone. 

I  Tentaculite  limestone. 

Water-lime  formation. 
Niagara  group  =  Coralline  limestone. 


Lower  Silurian  | 


Green  shales  with  iron  pyrites. 
Sandstones  and  shales  of  the  Hudson 
River  group. 


Everywhere  the  lower  member  of  the  lower  Helderberg  group 
is  unmistakably  separated  from  the  sandstones  of  the  lower  Silu- 
rian age  by  three  distinct  and  usually  well  marked  members  of 
the  series. 

Tracing  the  lower  Helderberg  formation  from  this  point  for 
sixty  miles  westward,  we  have  the  following  section : — 

Oriskany  sandstone. 

T  TT  ij    u       (  ^Shaly  and  lower  Pentamerus  limestones. 

Lower  Helderberg  <  ^        -^  ^,     ,. 

(  Tentacuhte  limestone. 

*The  upper  PentameruB  limestone  is  not  developed  as  a  distinct  member  of  the 
group. 
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Water-lime  formation. 
Onondaga  salt  gi-oup  =  Red  and  gray  marls. 


Niagara  group  =  Coralline  limestone. 

("Green   shales  and  sandstones  with  calca- 
Clinton  group  =  -l  reous  bands  containing  interstratified 

beds  of  red  hematite. 


I 


Medina  sandstone. 
Lower  Silurian  =  Gray   and     bluish-gray    sandstones      and 
shales  of  the  Hudson  River  group. 

Everywhere  the  lower  member  of  the  lower  Helderberg  group 
rests  upon  the  water-lime  formation ;  and  the  latter  is  always  pres- 
ent, separating  the  former  from  the  coralline  or  Niagara  limestone. 
At  a  distance  less  than  one  hundred  miles  farther  west,  in  a  line 
from  Seneca  or  Ontario  to  Oswego  county,  we  have  a  section 
showing  the  following  formations  : — 

Oriskany  sandstone. 
Lower  Helderberg  group  i  Compact  grayish-blue  limestones  in  a 
represented  by  i  hand  of  a  few  feet  in  thickness. 

Water-lime  formation. 

Onondaga   salt  group  with   salt  springs 

and  gj'psum  beds,  more  than   1,000 

feet  in  thickness. 
Niagara  group. 
Clinton  group. 
Medina  sandstone. 
Hudson  River  group. 

At  this  point  the  Niagara  group  is  separated  from  the  contin- 
uation of  the  lower  Helderberg  group  by  strata  of  more  than 
1,000  feet  in  thickness. 

Everywhere  throughout  New  York  the  lower  Helderberg  group 
is  underlain  by  the  water-liuie  formation ;  and  the  same  is  true  in 
New  Jersey,  Pennsylvania,  Maryland  and  Virginia;  and  every- 
where throughout  New  York  and  Canada  West,  and  in  Wisconsin 
and  Iowa  the  water-lime  formation  lies  above  the  Niagara  gi'oup, 
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or  its  representative,  the  coralline  limestone.^  In  no  case  do  these 
two  formations  come  together  except  where  the  water-lime  forma- 
tion is  absent. 

Certainly  these  formations  are  widely  enough  separated  to  con- 
stitute distinct  groups  over  the  areas  named. 

It  is  suggested  in  the  paper  cited  that  the  difference  between  the 
fossils  of  the  lower  Helderberg  group  in  eastern  New  York,  and 
those  of  the  Niagara  group  in  the  central  and  western  part  of  the 
state,  is  due  to  ^'a  change  in  the  lithological  character  of  the  beds 
in  their  eastern  extension." 

In  the  western  part  of  the  state,  the  Niagara  group  is  composed 
of  calcareous  shales  and  dolomites.  The  lower  Helderberg  group 
in  the  eastern  part  of  the  state  consists,  in  its  lower  part,  of  thick 
and  thin  bedded  dark  or  black  limestones,  with  shaly  partings, 
and  sometimes  with  thicker  intercalated  shaly  layers ;  to  these 
succeed  the  heavy  bedded  limestone  with  Pentamerus  galeatus^ 
which  by  the  intercalation  of  shaly  matter  becomes  thin  bedded, 
and  passes  by  almost  insensible  gradations  into  the  ^^Shaly  Lime- 
stone," and  finally  to  a  silico-calcareous  shale.®  The  higher  mem- 
ber, in  many  localities,  is  the  thin  bedded  Upper  Pentamerus 
limestone,  while  at  Becraft's  mountain  and  in  the  Helderberg  the 
upper  member  is  a  heavy-bedded  encrinal  limestone  sometimes 
known  as  the  Scutella  limestone,  from  the  presence  of  great  num- 
bers of  the  bases  of  Aspidocnnus,  The  shales  of  the  Niagara 
group  and  their  contained  bands  of  limestone,  which  are  the  most 
highly  fossiliferous  portion  of  the  group  in  New  York,  are  not 
dolomitic ;  and  it  seems  a  most  extravagant  supposition,  that  the 
slight  lithological  differences  in  the  composition  of  the  strata  could 
produce  an  entire  change  in  the  fauna ;  presuming  the  deposits  to 
be  of  the  same  age. 

We  now  come  to  the  consideration  of  the  last  paragraph  of 
this  remarkable  paper,  in  which  we  have  the  following  summary  : — 

"To  recapitulate,  then,  the  facts  as  they  are  presented  in  the 
West ;  we  find  that  the  dolomites  of  Northern  Illinois  contain  only 
Niagara  fossils,  and  the  siliceous  limestones  of  the  southern  por- 
tion of  the  StaAe,  only  those  considered  characteristic  of  the  lower 

«It  iB  true  that  over  a  considerablo  part  of  the  lake  region,  the  watcr-llme  and 
Onondaga  salt  group  have  been  eroded  from  above  the  Niagara  formation ;  the  place 
of  these  softer  formations  being  occupied  by  the  lakes.  See  Foster  and  Whitney's 
Report  on  the  Lake  Superior  Land  District. 

*The  physical  aspect  of  this  portion  of  the  group  Is  preserved  in  the  *Hliceou8 
limestonea*  of  this  age  in  the  southwest. 
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Helderberg  group;  while  the  beds  in  Tennessee,  occupying  the 
same  stratigraphical  position  with  the  dolomites  and  the  siliceous 
limestones  of  Illinois,  have  Niagara  and  lower  Helderberg  fossils 
mingled  indiscriminately  through  the  strata.  Hence  we  conclude 
that  the  so-called  lower  Helderberg  group  has  no  real  existence 
as  a  distinct  group  of  upper  Silurian  strata,  and  that  the  name, 
being  superfluous,  should  be  dropped  from  the  nomenclature  of  the 
American  rocks." 

The  value  of  this  conclusion  will  be  best  appreciated  from  the 
fact  that  in  southern  Illinois  and  adjacent  parts  of  Missouri  the 
limestones  holding  the  characteristic  Niagara  fossils  lie  beneath 
those  containing  the  characteristic  lower  Helderberg  fossils  ;  and 
that  we  never  "have  Niagara  and  lower  Helderberg  fossils  indis- 
criminately mingled  through  the  strata  ;"  unless  it  be  in  the  debris 
along  the  outcrop ;  and  I  assert  this  from  my  own  observation. 
The  same  is  true  of  the  beds  in  Tennessee ;  and  though  the  col- 
lections of  fossils  made  on  the  outcrops  and  among  the  d6bris  do 
contain  fossils  of  the  Niagara  and  lower  Helderberg  formations 
mingled  together,  this  is  not  true  of  the  rocks  in  situ.  In  this 
opinion  I  do  not  rest  alone ;  and  it  is  only  necessary  to  consult 
the  report  of  Professor  Safford  to  show  that  he  finds  both  the 
rocks  and  fossils  of  the  lower  Helderberg  formation  distinctly  sep- 
arated from,  and  lying  above,  those  of  the  Niagara  group. 

In  some  localities  Professor  Safford  asserts  that  he  finds  fossils 
of  the  two  formations  mingling  along  the  line  of  contact^  which,  in 
the  absence  of  all  intervening  beds,  may  very  well  happen.  And 
this  fact,  so  far  from  proving  the  identity  or  synchronism  of  the 
formations,  is  a  very  important  proof  of  their  distinction  in  oitler 
and  in  time.''' 

In  reviewing  the  facts,  and  considering  the  known  range  and 
extent  of  the  Niagara  and  lower  Helderberg  groups,  their  close 
approximation  or  actual  contact  over  large  areas,  and  their  wide 
separation  in  other  places,  we  are  compelled  to  the  conclusion 
that  there  are  no  two  groups,  of  similar  composition,  in  the  en- 
tire palaeozoic  series,  which  are  so  clearly  distinct  and  which  can 
be  unmistakably  traced  over  so  wide  an  area  of  country,  both  in 
their  physical  and  lithological  characters,  as  well  as  in  their  con- 
tained fossils. 

That   there   arc   designations   among   some  of  the   formations 

'We  may  inquire  also  whether  It  may  not  be  inferred  that  the  living  organisms  of 
the  lower  Helderberg  period  were  spread  over  a  sea  bottom  covered  with  the  dead 
organisms  of  the  preceding  period  an4  became  mingled  in  this  manner. 
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which  are  superfluous,  we  are  willing  to  admit;  but  the  propo- 
sition to  drop  from  the  system  one  of  the  most  widely  distributed 
formations  of  the  country,  whose  geological  position  and  relations, 
and  the  fossil  contents  of  which  are  so  well  known,  is  scarcely 
the  proper  mode  of  improving  "  the  nomenclature  of  the  Amer- 
ican rocks." 


Notes  on  Liparis,  Ctclopterus  and  their  Allies.    By  F.  W. 
Putnam,  of  Salem,  Mass. 

abstkac  r. 
Haying  my  attention  directed  to  this  group  of  fishes  by  the 
specimens  collected  by  the  United  States  Fish  Commission  under 
Prof.  Baird,  I  commenced  an  examination  of  all  the  specimens  of 
the  group  which  could  be  obtained.  I  have  long  known  of  the 
existence  of  a  species  of  Liparis  on  the  coast  of  Massachusetts, 
specimens  having  been  collected  as  long  ago  as  1856  and  exhibited 
at  that  time  in  the  Aquarial  Gardens  of  Boston.  The  same  species 
was  afterwards  obtained  by  several  persons  during  the  winter 
months,  and  I  have  several  times  dredged  it  during  the  summer 
in  Salem  harbor,  but  it  was  not  until  my  recent  examination  that 
I  satisfied  myself  that  we  have  two  species  of  the  genus  Liparis 
on  our  coast  which  are  identical  with  the  two  found  on  the  northern 
coast  of  Europe.  They  are  the  Liparis  lineata  {vulgaris)  and  the 
Liparis  Montagui,  The  former,  L.  vulgaris^  which  with  Giinther 
and  LiJtken  I  consider  the  same  as  the  Ifneatus  of  Lepechin,  is  thus 
far  only  known,  by  me,  from  the  American  coast  by  specimens 
dredged  by  Dr.  Packard  and  Prof.  Verrill  while  connected  with  the 
U.  S.  Fish  Commission.  These  were  obtained  in  several  localities 
off  the  New  England  coast  at  about  fifty  fathoms  depth. ^  The 
Liparis  Montagui  appears  to  be  the  more  common  species  on  our 
New  England  coast,  many  specimens  having  been  found  in  Port- 

>  Since  the  meeting  of  the  Association  I  have  obtained  a  opecimen  of  the  striped 
variety,  collected  in  October,  by  Mr.  J.  H.  Sears,  In  Salem  harbor.  This  specimen  was 
taken  near  Baker's  Island  in  about  six  feet  of  water,  and  obtained  by  drawing  np  the 
kelp,  to  a  root  of  which  it  was  attached. 
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land  harbor,  Maine,  by  Mr.  Chas.  Fuller.  Specimens  bave  also 
been  collected  by  Prof.  Verrill  at  Eastport,  Maine,  and  by  Mr. 
Cutting,  Mr.  Sanborn,  Mr.  Alex.  Agassiz  and  myself  along  the 
coast  of  Massachusetts,  especially  at  Nahant  and  Salem.  Dr.  J. 
Bernard  Gilpin  has  also  sent  me  drawings  of  the  same  species 
collected  at  Halifax,  Nova  Scotia.  Both  species  are  mentioned 
as  occurring  in  Greenland. 

The  external  differences  between  the  males  and  females  of  spe- 
cies of  Liparis  have  not  yet  been  pointed  out,  but  on  examining 
the  large  number  of  specimens  of  L.  Moiiiagui  collected  by  Mr. 
Fuller  at  Portland  in  February  or  March,  1871,  which  were  evi- 
dently spawning  among  the  seaweed  at  the  time,  I  found  a  marked 
difference  between  the  sexes,  the  males  being  readily  distinguished 
from  the  females  by  having  the  first  six  rays  of  the  dorsal  fin 
greatly  prolonged  and  quite  fleshy,  while  in  the  females  the  cor- 
responding rays  were  not  so  produced.  The  males  were  also  quite 
covered  with  granulations  extending  over  the  greater  part  of  the 
body  and  on  the  dorsal  and  anal  rays.  I  noticed  that  these  gran- 
ulations glistened  like  minute  specks  of  silver  and,  on  using  a 
lens,  they  proved  to  be  composed  of  very  fine  hair-like  scales, 
which  were  easily  detached  ;  so  that  we  have  in  this  gi'oup  some- 
thing akin  to  the  development  of  the  granulations  or  tubercles  on 
the  head  and  fins  of  Catostomus,  some  Cyprinidse  and  other  fishes, 
during  the  time  of  greatest  sexual  development. 

Tliere  seems  to  be  the  same  diversity  of  coloration  in  L.  Mon- 
tagui  as  in  L.  lineata  (vw/^am),  as  Mr.  Fuller  informs  me  that 
when  alive,  the  specimens  he  collected  were  mottled  and  marbled 
with  several  colors,  though  in  alcohol  they  are  all  of  a  uniform 
brownish  color.  In  a  large  number  of  specimens  of  L,  lineata 
kindly  sent  to  me  by  Mr.  T.  J.  Moore  of  the  Liverpool  Museum, 
which  were  collected  on  the  coast  of  England,  I  found  many 
specimens  that  were  simply  light  brown,  without  markings  of  any 
kind,  while  others  stiowed  the  longitudinal  lines  to  a  greater  or 
less  extent,  which  led  Lepechin  to  name  the  species  Zinea/us. 

In  regard  to  the  aflSnities  of  the  group  generally  known  under 
the  name  of  Discoboli,  my  investigations,  especially  in  regard  to 
the  osteological  characters,  lead  me  to  assign  the  several  repre- 
sentatives of  the  old  group  somewhat  differently  than  has  jet  been 
proposed.  Dr.  Giinther  has  already  removed  the  Gobiesocidae 
proper  {Oohiesox^  Zepadogaster,  and  their  allies) irom  the  group 
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and  though  Prof.  Gill  has,  while  considering  them  a  distinct 
family,  retained  them  as  one  of  the  three  families  of  his  groap 
of  Gobiesocoidae,  I  should,  with  Giinther,  put  the  family  of  Gobie- 
socidee  far  away,  at  least  a  suborder  off,  from  the  CyclopteridsB 
and  Liparididae,  which  are  far  more  closely  united  to  the  true  Cot- 
tidae,  represented  by  CoUus  and  Hemitnpterua^  than  to  either  the 
Gobiesocidee  proper  or  to  the  Gobies  and  Hlennies.  In  fact  Lipa- 
ris  has  as  close  affinities  as  shown  by  its  skeleton,  with  Coitus  and 
Hemitrlpterus  as  with  Cydopterus^  and  we  have  in  the  three  groups, 
represented  by  Cottus,  Liparis  and  Cyclopterus,  well  marked  fami- 
lies of  the  same  suborder.  The  only  character  by  which  the  Cyclop- 
teridse  and  Liparididae  are  closely  united  consists  in  the  peculiar 
formation  of  the  ventral  disk  by  the  union  of  the  ventral  flns,  but 
as  this  structure  is  simply  brought  about  by  the  modification  of 
the  rays  in  a  manner  common  to  the  several  genera  and  not  by 
any  marked  anatomical  difference  in  the  structure  of  the  same  fins 
in  Cottus,  I  can  only  look  upon  it  as  a  generic  character  common 
to  the  known  representatives  of  both  families  of  Cyclopteridae  and 
Liparididse,  and  the  discovery  of  a  representative  of  either  family 
with  ventral  fins  of  the  ordinary  form  would  not  necessitate  the 
establishment  of  a  family  for  its  reception,  as  in  that  case  we 
should  simply  consider  the  structure  as  of  generic  value. ^  The 
various  modifications  of  the  ventrals  in  the  different  genera  of 
Gobiidse  confirm  this  view. 

It  is  singular  that  Prof.  Cope  does  not  mention  either  Cyclop- 
terus or  Liparis  in  his  recent  classification,  but  from  the  characters 
he  has  given  of  his  group  Scyphobranchii,  in  which  he  includes  the 
Uranoscopidae,  Gobiidie,  Blenniidae,  Gobiesocidae  and  Cottidae,  it 
is  probable  that  he  would  have  placed  the  families  in  the  group  had 
he  not  omitted  to  mention  them.  But  while  they  would  find  their 
natural  position  here  by  the  side  of  the  Cottidae,  I  am  not  at 
present  willing  to  admit  any  such  close  affinities  between  them 
and  the  other  families  there  given. 

The  study  of  the  large  amount  of  material  in  my  hands,  for 
which  I  am  especially  indebted  to  Professor  Agassiz,  has  enabled 
me  to  draw  a  few  conclusions  as  to  the  characters  assigned  to 
the  genera  and  species  of  Liparididae,  and  among  them  I  may  state 

•Under  the  name  of  Psychrohites,  Dr.  GUnther  has  described  a  peculiar  flali  which 
he  considers  as  forming  the  type  of  a  new  family.  Many  of  the  characters  given  indi> 
cate  its  affiniUes  to  bo  witli  Liparis,  as  Dr.  Giinther  states,  though  the  Tentrals  are 
composed  of  but  two  rays  each,  and  do  not  form  a  sucking  disk. 

A.  A.  A.  8.  VOL.   XXIL      B.  (22) 
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that  no  generic,  and  hardly  a  specific  vahie,  can  be  placed  on  the 
character  of  the  nostrils,  for  they  are  very  nearly  alike  in  all  the 
species  that  have  passed  under  my  revision  ;  neither  is  the  charac- 
ter of  the  union  of  the  dorsal  and  anal  fins  with  the  caudal  of  ge- 
neric importance,  as  I  find  that  there  is  no  difference  in  the  structure 
of  the  last  vertebrae  of  the  tail,  and  that  even  in  Liparis pulchellus^ 
whicli  has  the  most  eel-like  tail  of  all  externally,  the  skeleton 
shows  the  last  vertebra  with  its  expanded  spines  the  same  as  in 
X.  Montagai,  where  the  caudal  is  more  distinctl}*  separated  from 
the  other  fins.  These  diflferences  are  simply  of  a  specific  value  and 
tlie  slight  variations  are  constant  with  each  species.  The  union 
of  the  suborbital  chain  into  one  long  bone  reaching  from  the  max- 
illary to  the  ])osterior  edge  of  the  preoperculum,  and  the  long  slen- 
der ray-like  i n te rope rcu him  overl3Mng  the  branchiostegal  ra^^s  are 
marked  characters  of  the  Liparididie. 

The  geographical  distribution  of  the  two  families  of  Cyclop- 
teridae  and  Liparldidae  is  very  nearly  the  same  and  offers  some 
interesting  considerations.  The  following  list  gives  the  distri- 
bution of  each  of  the,  at  present,  recognized  species  of  the  two 
families.  The  localities  from  which  I  have  seen  specimens  are 
indicated  by  an  asterisk. 

Cycloptertis  lumpus — Greenland  (Me.,*  Mass.*)  to  New  York, 
Iceland,*  England,*  Northern  Europe. 

Cyclopterua  spinosua, — Greenland  to  Eastport,*  Me.,  Iceland, 
Spitzbergen. 

Cyclopterus  orbia, — Esquimault  Harbor,  N.  W.  C.  of  America. 

Liparia  Reinhardt ii, — G  reen land . 

Lipiiria  gelatinoaua. — Kamtschatka. 

Liparia  caUyodon. — Kamtschatka. 

Liparia  cyclopua, — Esquimault  Harbor  and  San  Francisco.* 

Liparia  jyulchelltia, — San  Francisco.* 

Liparia  miicoaua. — San  Francisco.* 

Liparia  major, — G  reenl and . 

Liparia  arctica, — Greenland. 

Lijmria  Fabricii, — Greenland,  Spitzbergen. 

Liparia  lineata. — Greenland  to  Massachusetts,*  Spitzbergen, 
Northern  Europe,  England.* 

Lijjaria  Montagai, — Greenland  (Me.*)  to  Massachusetts,* 
Northern  Europe,  England. 
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Liparis  Agassiz.^—  Saghalien,*  Channel  of  Tartary. 
Liparis  antarctica.* — Eden  Harbor*  (coast  of  New  Chili,  about 
latitude  48°  south). 

From  ^his  list  it  will  be  noticed  that  of  the  two  families,  five 
species  are  common  to  both  sides  of  the  North  Atlantic  Ocean, 
and  that  their  limits  are  from  the  Arctic  regions  of  Greenland, 
Iceland  and  Spitzbergen,  south  to  about  latitude  41^  north  on 
the  American  coast  (New  York,  Cyclopter'ns)  and  to  about  50° 
north  on  the  European  coast  (British  channel,  Cydopterus  and 
Liparis).  Three  other  species  are  confined,  as  far  as  known,  to 
the  Greenland  Coast.  In  the  North  Pacific,  two  imperfectly 
known  species  have  been  described  from  the  sea  of  Kamtschatka, 
and  I  have  added  another  from  the  Channel  of  Tartary,  while 
four  other  species  are  found  on  the  northwest  coast  of  America, 
extending  only  as  far  south  as  San  Francisco  (Liparis)^  or  about 
latitude  37°  north.  But  one  species  is  as  3'et  known  from  the 
southern  hemisphere  and  that  is  from  Eden  Harbor,  about  latitude 
48°  south.  Until  this  addition  to  our  knowledge  of  the  distribu- 
tion of  the  group,  which  is  one  of  the  results  of  the  recent  Hass- 
ler  expedition,  it  was  supposed  that  the  representatives  of  the  two 
families  were  limited  to  the  northern  and  temperate  regions  of  the 
Atlantic  and  Pacific  oceans.  The  newly  discovered  species  is, 
however,  true  to  the  habits  of  the  group,  and  comes  from  the  cold 
waters  of  the  extreme  south,  while  no  intermediate  forms  have 
yet  been  found  in  the  wide  space  between  Eden  Harbor  and  San 

*  Liparis  Agasaizii.  I  have  introduced  this  species  Into  the  list  since  tlio  paper  was 
rend  before  the  Association.  Two  specimens  of  this  huge  and  very  distinct  species 
were  received  by  Professor  Agassiz  fi-om  Messrs.  Pierce  and  Smith  from  Saghalien, 
Channel  of  Tartary.  The  species  will  be  fully  illustrated  and  described  in  Part  1  of 
the  '*  Catalogue  of  the  Agassiz  Collection  of  Fishes  >'  now  in  preparation,  and  I  there- 
fore simply  indicate  its  characters  here. 

Total  length,  10  inches.  Head  contained  4\  times  in  total  length.  Interorbital  space 
equal  to  distance  from  snout  to  posterior  margin  of  the  eye.  Dorsal  and  anul  united 
to  the  caudal.  Anterior  poi-tion  of  dorsal  and  anal  enclosed  in  the  skin,  so  that  only 
tlie  rays  of  about  the  posterior  half  of  each  fln  are  seen  without  removing  the  skin. 
Rays,  counted  aller  taking  off  the  skin,  as  follows :  D.  IX,  33;  A.  I,  33;  P.  36;  C.  1, 10, 1. 
Color  brownish,  with  yellow  and  light  mottlings. 

*  LipariM  aniarctica.  This  species  will  be  fully  illustrated  and  described  in  the 
**  Catalogue  of  the  Agassiz  Collection  of  Fishes.^'  It  is  reprebented  by  the  single  speci- 
men obtained  at  Eden  Harbor.  Total  length,  14  inches.  The  head  is  contained  slightly 
more  than  four  times  in  the  total  length,  and  equals  the  height  and  width  of  the  body. 
The  interorbital  space  is  equal  to  the  distance  ft'om  the  eye  to  point  of  the  operculum. 
The  dorsal  and  anal  flns  are  covercil  by  a  thick  skin  anteriorly,  the  rays  being  dis- 
tinctly seen  only  as  they  approach  the  caudal  fin  to  which  both  dorsal  and  anal  are 
united.    Color  in  life  was  deep  yellow;  in  alcohol  it  is  of  a  uniform  light  brown. 
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Francisco,  though  it  is  probable  that  other  species  will  be  discov- 
ered in  the  cold  waters  of  the  South  American  coast.  The  repre- 
sentatives of  the  group  are  lovers  of  cold  waters  as  shown  not  only 
by  their  distribution,  but  by  their  habits,  for  though  in  the  more 
temperate  countries  where  they  are  found,  as  on  our  ovfn  coast, 
they  come  to  the  shore  in  the  cold  winter  months  to  leave  their 
eggs,  they  afterwards  retire  to  deeper  and  colder  waters  and  in  the 
summer  have  only  been  taken  on  the  coast  of  Massachusetts  and 
Maine  by  means  of  the  dredge,  which  is  now  doing  so  much  in  the 
hands  of  careful  observers  in  increasing  our  knowledge  of  animal 
life  in  all  its  forms. 

In  relation  to  the  distribution  of  the  Cyclopteridae  and  Lipari- 
didae  it  is  interesting  to  note  the  distribution  of  the  family  of  Go- 
biesocidse,  so  long  confounded  with  them,  but  now  separated  as  a 
family  not  only  removed  from  the  others  on  structural  grounds 
but  also  by  its  general  distribution.  While  the  CyclopteridsB  and 
LiparididflB  have  their  greatest  development  in  and  towards  the 
Arctic  regions,  the  Gobiesocidse  have  theirs  in  and  towards  the 
tropics,  being  found  throughout  the  tropical  and  temperate  regions 
of  the  Pacific  and  Atlantic,  and  having  but  one  genus  with  one  or 
two  species  only  extending  from  the  Mediterranean  to  the  British 
and  Scandinavian  coasts. 


Explorations  ofCascoBat  by  the  U.  S.  Fish  Commission  in 

1873.     By  A.  E.  Verrill,  of  New  Haven,  Conn.^ 

Since  the  appointment,  in  1871,  of  Prof.  S.  F.  Baird,  U.  S, 

Commissioner  of  fish  and  fisheries,  he  has  considered  it  essential 

to  investigate  the  invertebrate  animals  of  our  coast,  with  especial 

reference  to  their  habits,  distribution,  and  importance  as  food  for 

fishes  ;  to  this  end  extensive  dredging  operations  have  been  under- 

lAn  abstract  of  this  paper  is  published  in  the  **  American  Jonmal  of  Science/'  vols, 
yi  and  vii,  Dec.  8, 1871  to  Feb.  1874. 
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taken  at  his  request,  and  with  his  cooperation,  during  the  th/ee 
summers,  by  the  writer  and  several  other  volunteers,  in  connection 
with  his  investigation  of  the  fishes  and  fisheries. 

In  1871,  our  operations  were  carried  on  in  Vineyard  Sound  and 
the  adjacent  waters.  The  results  of  the  extended  operations  of 
that  season  have  been  published  in  the  first  ofiScial  report  of  Pro- 
fessor Baird,  with  numerous  illustrations.  In  1872,  the  head- 
quarters of  the  Fish  Commission,  with  its  large  party  of  volun- 
teers, were  established  at  Eastport,  Maine.  The  adjacent  waters 
of  tlie  Bay  of  Fundy  were  pretty  thoroughly  examined  witli  the 
dredge  and  other  apparatus,  and  a  very  large  collection  was  made. 
In  the  same  year  Mr.  S.  I.  Smith,  Mr.  Oscar  Harger,  Dr.  A.  S. 
Packard  and  Mr.  C.  Cooke,  made  important  dredgings  in  behalf 
of  the  Fish  Commission,  on  St.  George's  Bank,  and  in  the  deep, 
waters  to  the  north  and  east  of  that  bank,  and  off  the  coast  of  Nova 
Scotia,  while  on  the  U.  S.  Coast  Survey  Steamer,  "  Bache."  Pre- 
liminary accounts  of  the  results  of  these  exploratiqns  were  pub- 
lished in  the  "  American  Journal  of  Science." 

This  year,  the  party,  which  has  been  quite  large,  located  at 
Peak's  Island.  This  island  is  situated  at  the  entrance  of  Portland 
Harbor,  and  about  four  miles  from  the  city.  This  has  proved  to 
be  a  very  favorable  locality,  on  account  of  its  central  position,  al- 
lowing us  to  dredge  in  all  parts  of  Casco  Bay  and  the  connected 
bays  and  fiords,  and  to  visit  any  of  the  numerous  islands  for  wiiich 
Casco  Bay  is  so  famous,  without  too  great  loss  of  time;  and  to 
take  advantage  of  favorable  weather  for  longer  trips  to  the  deeper 
waters  outside  the  bay.  The  littoral  animals  of  the  island  itself, 
owing  to  the  diversity  of  the  shores  arid  purity  of  the  water,  have 
also  proved  to  be  numerous  and  interesting. 

The  fishes  and  the  investigations  more  immediately  connected 
with  the  fisheries  have  been  attended  to  by  Prof.  Baird,  aided  by  his 
secretary,  Mr.  Rockwell,  Prof.  Theodore  Gill,  Dr.  Edw.  Palmer, 
Mr.  G.  Brown  Goode,  Mr.  Spencer  Biddle  and  others.  The 
dredging  operations,  the  examination  of  the  food  of  fishes,  and 
all  investigations  concerning  the  invertebrate  animals  generally, 
have  been  in  charge  of  the  writer  and  Mr.  S.  I.  Smith,  aided  by 
Prof.  Wm.  N.  Rice  and  Mr.  Goode,  of  Wesleyan  University ; 
Prof.  J.  E.  Todd,  of  Tabor  College,  Iowa;  Prof.  H.  E.  Nelson,  of 
Ohio  Wesleyan  University  ;  Mr.  J.  H.  Emerton,  Salem,  Mass. ; 
Mr.   J.    K.  Thacher,  of  Yale  College ;   Mr.  Franklin  Benner  of 
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Astoria,  N.  Y. ;  and  for  a  short  time  by  Dr.  P.  P.  Carpenter,  of 
Montreal ;  Mr.  C.  B.  Fuller,  of  Portland ;  Dr.  J.  B.  Holder,  of 

New  York  and  several  others.* 

Much  of  the  success  of  the  expedition  is  due  to  the  interest 
taken  in  such  scientific  researches  by  Secretary  Robeson,  who 
caused  a  small  U.  S.  steamer,  the  ^*  Blue  Light,  "  to  be  specially 
fitted  out  for  our  dredging  operations,  under  commander  L.  C. 
Beardsley,  U.  S.  N.  This  steamer  was  provided  with  a  steam  wind- 
lass for  hoisting  the  dredges  and  trawls,  and  with  other  con veniences, 
which  greatly  facilitated  our  operations,  and  enabled  us  to  make 
much  longer  excursions  to  the  outer  waters  and  to  do  much  more 
work  during  the  summer,  than  otherwise  would  have  been  possible. 
Captain  Beardsley  has  taken  great  interest  in  our  investigations 
and  has  done  all  in  his  power  to  aid  us  in  various  ways.  His  con- 
stant endeavor  has  been  to  make  the  steamer  as  useful  as  possible 
to  us.  Our  thanks  are  also  due  to  Mr.  Cooke,  the  executive 
officer,  and  to  all  the  other  officers  and  men  for  the  hearty  good- 
'  will  with  which  they  have  cooperated  in  our  work  and  executed  all 
our  plans. 

Ample  wharf  privileges  were  found  at  "  Trefethen's  Landing," 
and  a  building  upon  the  wharf  was  speedily  converted  into  a 
rather  rude  but  comfortable  laboratory.  An  excellent  set  of 
apparatus  was  provided  by  the  Fish  Commission,  including  a 
large  assortment  of  dredges,  rake-dredges,  tangles,  trawls,  tow- 
ing-nets,  seines,  sieves  of  various  kinds,  and  all  other  kinds  of 
apparatus  and  improvements  which  our  past  experience  had  proved 
useful  or  desirable.  Sets  of  the  apparatus  such  as  were  used  by 
the  English  expeditions,  on  the  "  Porcupine  "  and  *'  Challenger," 
were  also  imported  by  Prof.  Baird,  but  were  not  found  to  offer 
any  advantages  over  those  which  we  had  used  in  previous  years. 

3  In  consequence  of  the  liberal  co&peration  of  Prof.  Piei*ce,  Buperin  ten  dent  of  the 
U.  S.  CoiiBt  Survey,  nnd  other  officers  of  the  Survey,  the  U.  S.  Coast  Survey  steamer 
Bache  wns  despatched,  dnring  the  month  of  September,  on  several  dredging  ezpedi- 
lions  to  the  deeper  waters  and  distant  banks  off  the  coast  of  Maine,  which  we  coald 
not  well  roach  with  the  **  Blue  Light.'*  The  dredges  and  other  apparatus  necessary 
for  this  work  wore  provided  by  Prof.  Baird,  and  tlie  dredging  on  the  "  Bache  **  was 
under  the  superintendence  of  Dr.  A.  S.  Packard,  of  the  Peabody  Academy  of  Science, 
Salem,  Mass.,  aided  by  Mr.  Caleb  Cooke,  also  of  the  Peabody  Academy.  They  were 
very  successful  in  these  explorations,  and  made  several  collections  of  great  interest. 
A  brief  account  of  the  results  of  their  investigations  has  been  published  in  the  '*  Amer- 
ican Journal  of  Science,"  for  April  and  May,  by  the  writer.  Another  account  of  these 
expeditions  was  published  in  the  **  American  Naturalist/'  vol.  viii,  p.  145,  March,  1871, 
by  Dr.  Packard. 
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The  English  "  accumalator "  we  found  no  occasion  to  use  in  our 
work,  for  a  simple  "  check-stop,"  devised  by  Capt.  Beardsley, 
proved  equally  efficient  and  far  more  convenient  and  simple,  as 
well  as  quite  inexpensive.^  This  was  found  to  answer  every  pur- 
pose in  dredging  or  trawling  at  all  depths  down  to  100  fathoms, 
and  undoubtedly  would  do  equally  well  at  far  greater  depths. 
With  a  larger  vessel,  in  heavy  weather,  or  at  very  great  depths,  the 
rubber  accumulator  would  doubtless  prove  advantageous,  but  it  is 
quite  superfluous  for  working  in  less  than  500  fathoms,  in  moder- 
ate weather.  Therefore,  any  party  undertaking  such  dredgings  as 
can  be  carried  on  with  small  vessels  off  our  coast,  need  not  en- 
cumber themselves  with  this  expensive  piece  of  apparatus,  for 
which  a  few  fathoms  of  small  or  weak  rope,  applied  in  the  form  of 
a  "  check-stop,"  may  be  substituted. 

Deep-sea  thermometers,  water-bottles  for  obtaining  samples  of 
the  bottom-waters,  and  other  physical  apparatus,  were  also  pro- 
vided and  frequently  used. 

Mr.  Emerton  was  employed  to  make  drawings  of  the  more  in- 
teresting new  and  rare  animals,  from  life.  These  drawings  are 
remarkably  accurate  and  life-like,  and  number  nearly  three  hun- 
dred. They  constitute  one  of  the  most  valuable  results  of  the 
expedition.  As  Mr.  Emerton  had  drawn  large  numbers  of  our 
common  marine  animals  for  us  during  the  two  previous  years,  a 
considerable  portion  of  his  time  has  been  devoted  during  this  sea- 
son to  the  free-swimming  larval  stages  of  Crustacea,  etc.,  and  to 
the  smaller  and  less  known  species  in  various  classes.  The  soft 
parts  of  many  species  of  mollnsks  have  also  been  well  figured. 
To  Mr.  S.  I.  Smith,  I  am  specially  indebted  for  the  identification 
of  most  of  the  Crustacea  mentioned  in  this  article,  and  for  other 
assistance. 

Much  attention  was  paid  to  the  determination  of  the  tempera- 
ture of  the  water,  both  at  the  surface  and  bottom,  in  many  of  the 
localities  where  dredgings  were  made.  The  more  important  of 
these  are  given  in  the  following  tables. 

*  This  arrangement,  and  the  dredges,  tangles,  trawls,  rakes  and  other  apparatus 
used  by  us,  were  described  and  illustrated  in  severnl  letters  to  the  New  York  Tribune 
by  Mr.  Wra.  C.  Wyckoff,  one  of  the  editors,  who  spent  some  time  with  us  at  the  island, 
and  accompanied  us  on  several  excursions.  These  letters  are  brouglit  together  in  the 
«« Tribune  Extra'*,  No.  10.  Scientific  Series,  in  connection  with  the  daily  reports  of  the 
meetings  of  the  association. 
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TBMPBRATURB8  TAKBK  IN  AMD  NEAR  CA8CO  BAT,  TV  FITB  TO  BBVBNTT-FITE  FATHOMS 


Date 

Locality. 

Wcath- 
er. 

Hour. 

Tide. 

TEMP 

Air. 

RRATUKB.  F. 

Sur      But- 
lace.     totu. 

Depth 
iu 

fnth- 
onis. 

Natnrv  of 
bottom. 

July. 

21 

Off  Cape  ElizabeUi. 

12  M. 

2  b. ebb 

61" 

«r 

24 

GniTellj. 

22 

Off  Upper  Flag  I. 

Clear 

11  A.  M. 

1      " 

67 

50 

16 

Sandy- 

»• 

Broad  Sound. 

•t 

IP.M. 

3      " 

62 

48 

34 

GraveL 

24 

Luckse'8  Sound. 

It 

10.40  A.M. 

5  h.  flood 

80* 

M4 

464 

«4 

Muddy. 

ti 

Broad  Sound. 

L.Crds 

12.10  P.M. 

Ih.ebb 

84 

62 

494 

164 

Fine  sand. 

it 

Off  Eagle  Island. 

It 

2  P.M. 

3      *« 

80 

65 

454 

81 

Grarel. 

26 

Broad  Sound. 

Clear 

11  A.M. 

A  h.  flood 

68 

M4 

474 

164 

Sand. 

28 
30 

Off  Fort  Gorges. 
Broad  Sound. 

66 

67 

69 
60 

62 
494 

114 

22 

Mnddy. 
Gravel  A  sand. 

<i 

It                *i 

66 

60 

63 

«4 

Grarel. 

i< 

•  i                  u 

66 

60 

53 

17 

Sand  A  shell*. 

81 

Off  Portland  Light. 

Cloudy 

6  P.M. 

1  b. ebb 

69 

691 

494 

m 

Sandy. 

Aug. 

2 

Off  Crotch  Island. 

ti 

11.35  A.M. 

1.  w.  Black 

71 

61 

47 

11 

Muddy. 

(1 

Merlconeag  Sound. 

OdO  P.M. 

1  h.  flood 

68 

«S4 

45 

124 

it 

(1 

Xear  Cow  Island. 

tt 

2.30  P.M. 

8       " 

67 

62 

5<4 

9 

Gravel. 

i 

N.  E.  of  Cow  Island. 

Clear 

10.25  A.M. 

8  h. ebb 

70 

65 

61 

12 

** 

u 

Near  Inner  Green  I. 

•• 

11.40  A.M. 

41     " 

73 

68 

484 

124 

t€ 

n 

Off  Halfway  Rock. 

" 

IIM  A.M. 

6       " 

75 

62 

4«4 

19 

Sandj. 

•* 

Off  Eagle  Island. 

it 

1.30  P.M. 

1.  w.  slack 

74 

60 

434 

184 

GraveL 

5 

West  Cod  Ledge. 

ft 

11.16  A.M. 

72 

64 

46 

13 

Sand  A  rocks. 

^l 

l5m.offC.  Elizabeth. 

«t 

2  00  P.M. 

65 

64 

394 

48 

Muddy. 

6 

14  "    "               " 

»t 

12.00  M. 

69 

64 

88 

544 

<i 

<( 

15  «<    "                " 

tt 

8.00  P  M. 

72 

64 

874 

48 

Mud  A  pocks. 

it 

jY  it    ti                 it 

L.Cl'ds 

4.15  P.M. 

68i 

65 

36 

64 

Mnddy. 

7 

Chambers'  Cove. 

Cloudy 

2.20  P.M. 

4  h. ebb 

70 

59 

54 

7 

t« 

11 

Broad  Sound. 

Clear 

12.00  M. 

4  h.  flood 

65 

67 

474 

25 

GraveL 

(1 

LuckRe's  Sound. 

»* 

2.20  P.M. 

h.  w.  slack 

65 

M4 

46 

15 

Muddy. 

12 

West  Cod  Ledge. 

tt 

10.00  A.M. 

6:) 

61 

47 

IS 

Sandy. 

" 

■iO  m.  off  C.  Elizabeth. 

It 

0.45  P.M. 

«4 

624 

88 

68 

Muddy. 

13 

WestofSeguin  Island. 

" 

11.00  a.m. 

Ih.  flood 

64 

62 

47 

12 

Sandy. 

it 

6m.E.8.E.ofSeguinI. 

L.Cl'ds* 

0.35  P.M. 

24     " 

64 

67 

414 

83 

Sand  A  rocks. 

14 

Main  channel. 

Cloudy 

12.15  P.M. 

62 

67 

554 

9 

Muddy. 

it 

Off  Clapboard  Island. 

1.10  P.M. 

64 

M4 

64 

9 

(« 

20 

Dm.S.S.E.  of  Seguin  I. 

" 

ll.:«A.M. 

62 

69 

38 

75 

«« 

tt 

3m.S.E.  of  Seguinl. 

ti 

1.40  P.M. 

65 

68 

884 

40 

Sand  A  gravel 

Sept. 

1 

Off  Witch  Rock. 

tt 

11.00  A.M. 

5  h. ebb 

58 

64 

601 

14 

Rocky. 

3 

Off  Pole  I.,  Quahog  B. 

Clear 

11.45  A.M. 

4i     " 

61 

59i 

63 

6 

Muddy. 

it 

it       t(    (t         ({        i, 

** 

12.15  A.M. 

6        " 

63 

69 

544 

6 

%4 
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FAUNA   OF  THE   OUTER  WATERS   ON   MUDDY  BOTTOMS. 

One  of  the  most  interesting  regions  examined  was  in  the  deeper 
waters  outside  of  Casco  Ba3',  15  to  30  miles  soutlieast  from  Cape 
Elizabeth.  To  this  region  we  made  several  excursions,  and 
dredged  at  depths  varying  from  40  to  95  fathoms,  the  depth  grad- 
ually increasing  with  the  distance  from  the  shore.  In  these  local- 
ities the  bottom  was  generally  of  soft  mud,  with  more  or  less 
numerous,  scattered  bowlders.  On  one  occasion  we  brought  up 
in  the  trawl  from  65  fathoms  an  angular  bowlder,  estimated  to 
weigh  over  500  lbs.  These  bowlders  were  probably  transported 
from  the  adjacent  coast  by  shore-ice  in  spring.  They  were  usu- 
ally covered  with  sponges,  bryozoa,  ascidians,  hydroids,  Terebrat- 
vlinay  etc.  The  bottom  temperature  of  these  waters  was  remark- 
ably low,  varying  from  36°  to  40°  F.,  while  the  surface  was 
usually  between  60°  and  65°,  or  even  higher.  The  temperatures 
obtained  here  are  quite  as  low  as  those  that  we  obtained  in  the 
deeper  parts  of  the  Bay  of  Fundy  last  year,  and  the  fauna  proved 
to  be  correspondingly  arctic  in  character,  and  agrees  pretty 
closely  with  that  at  the  mouth  of  the  Bay  of  Fundy,  and  also 
with  the  dredgings  made  last  year,  in  85  to  150  fathoms,  near  St. 
George's  Bank.  In  fact,  these  three  regions  may  be  regarded  as 
distant  parts  of  one  great  basin,  referred  to  in  a  former  article  as 
"St.  George's  Gulf,"  but  named  '^Gulf  of  Maine"  on  some  of 
the  Coast  Survey  charts,  and  this  region  is  throughout  its  whole 
extent  bathed  in  cold  water  of  nearly  uniform  temperature,  at 
corresponding  depths.  The  deepest  parts  of  this  gulf  seldom 
exceed  150  fathoms,  and  are  perhaps  nowhere  more  than  200 
fathoms  deep.  Whether  the  nearly  ice-cold  water  filling  the 
deeper  parts  of  this  cold  area  can  be  regarded  as  constituting  a 
definite  current,  or  offshoot  from  the  great  arctic  current,  flowing 
southward  along  our  coast  in  deep  water  off  shore,  or  whether  it 
be  a  portion  of  the  great  body  of  cold  water  filling  the  ocean 
basin  at  great  depths,  which  is  brought  into  this  partially  closed 
basin  by  the  powerful  tidal  currents,  is  still  uncertain.  But  it  is 
important  to  have  established  the  fact  that  this  body  of  cold 
water  approaches  so  closely  to  the  coast  of  Maine  as  to  manifest 
itself  most  distinctly  within  12  or  15  miles  of  Cape  Elizabeth, 
both  by  its  highly  arctic  fauna  and  its  icy  temperature,  even  in 
midsummer.     Moreover,  there  can  be  no  doubt  but  that  the  con- 
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stant  admixture  of  this  cold  bottom  water  with  the  warmer  sur- 
face waters,  by  means  of  the  strong  tides  and  local  wind  currents, 
causes  the  remarkably  low  temperatures  observed,  both  at  the 
surface  and  bottom,  in  the  shallow  waters  of  these  shores,^  and 
even  in  the  smaller  bays  and  harbors  along  the  entire  eastern 
and  northern  coasts  of  New  England.  The  surface  water  in 
Casco  Bay,  among  the  islands,  where  the  water  is  quite  shallow, 
was  usually'  found  to  be  colder  than  it  was  on  the  same  da3's,  out- 
side the  bay,  where  the  water  was  deep.  It  is  also  evident  that 
a  strong  wind  blowing  from  tlie  shore  for  some  time  will  have  the 
effect  to  cause  an  ascending  current  of  cold  water  along  the  sub- 
merged slope  of  the  shore,  to  supply  the  place  of  the  surface- 
water  driven  seaward  by  the  wind  ;  while  an  easterly  wind  will 
force  the  warmer  surface  water  toward  the  shore,  and  cause  a  de- 
scending current  along  the  slope,  partially  forcing  the  cold  water 
away  from  the  shallows.  Our  observations,  both  in  Vineyard 
Sound  and  Casco  Bay,  show  that  such  an  action  does  take  place, 
and  that  the  temperature  of  the  water  near  the  shore  is  rapidly 
lowered  by  a  westerly  or  off  shore  wind,  and  is  as  quickly  raised 
by  an  easterly  wind,  independently  of  the  temperature  of  the  air.* 
But  the  effect  is  often  somewhat  masked,  in  summer,  by  reason  of 
the  much  higher  temperature  of  the  westerly  winds,  which  quickly 
warm  the  water  close  to  the  surface.  Observations  made  early  in 
the  morning,  before  the  etfect  of  the  direct  heat  of  the  sun  be- 
comes apparent,  are  the  best  for  detecting  the  influence  of  tidal 
and  wind  currents. 

Among  the  species  obtained  on  these  bottoms,  in  50  to  94  fath- 
oms, were  several  fishes,  among  which  Raia  loevis,  Sehastes  vivip^ 
arus^  Pomatopsetta  dentata^  and  a  species  of  Phycia  were  the  most 
common.  Among  the  more  interesting  Crustacea  were  numerous 
large  and  fine  specimens  of  the  rare  Pandalus  borealiSy  some  of 
which  were  eight  or  ten  inches  long,  dredged  in  several  localities 
in  50  to  68  fathoms ;  Sabinea  septemcarinata^  a  rare  shrimp, 
dredged  in  68  fathoms,  and  not  obtained  before  on  our  coast, 
except  in  the  deeper  parts  of  the  Bay  of  Fundy  ;  Byblis  Gaimardii 

*The  temperature  of  the  bottom. waters  in  the  deeper  channels  among  the  iBiands, 
in  15  to  25  fathoms,  was  nsually  trom  42°  to  52*  F.;  while  the  surface  was  usuaUy  be- 
tween 52*  and  62°  in  July  and  Angust. 

>See  the  Report  of  the  U.  S.  Fish  Commission  for  1871.  p.  436,  for  a  fuller  discussion 
of  this  subject  by  the  writer.  Bev.  J.  W.  Chickering  also  Informs  me  that  he  has  made 
series  of  observations  at  Hampton  Beach,  N.  H.,  which  establish  such  a  coincidence. 
The  change  Bometimes  amounts  to  10°  F.  in  a  few  hours. 
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and  numerous  other  Ampbipods  ;  tv^o  species  of  Lernseans,  para- 
sitic on  Annelides,  etc.  The  Annelides  were  very  numerous,  and 
among  them  were  many  rare  and  interesting  species,  some  of 
which  were  undescribed,  and  others  new  to  our  coast.  Among 
the  more  interesting  of  the  Annelides,  are  Eanoa  nodosa  Malm- 
gren,  wiiich  was  dredged  in  68  fathoms,  and  subsequently  by  Dr. 
Packard  on  Jeffrey's  Ledge  in  33  fathoms.  It  differs  from  the 
more  common  E,  CErstedi'i^  in  its  broader  body,  with  broadly  reni- 
form  scales,  on  which  there  are  only  a  few  rounded  tubercules,  near 
the  margin ;  Lretmonice  JUicornis^  a  large,  oblong,  scaly  worm, 
allied  to  Aphrodita^  but  with  the  large  thin  scales  more  or  less 
exposed,  with  fewer  and  stouter  setee,  and  with  long  slender  an- 
tennae ;  Antinoe  Sarsii,  a  scaly  worm  with  long  slender  setae  in 
the  lower  rami;  Enipo  gracilis  V.  (Plate  5,  fig.  3),  a  new  and 
very  slender  species  of  scaly  worms;  Nephthys  ingens  Stimpson 
(Plate  2,  fig.  2),  which  is  very  common  on  all  the  muddy  bot- 
toms along  the  whole  New  England  coast,  in  5  to  150  fathoms. 
It  is  easily  distinguished  not  only  by  the  peculiar  head  and  pro- 
boscis, but  by  the  wide  separation  and  great  elongation  of  the 
upper  and  lower  rami  on  the  posterior  half  of  the  body,  by  the 
squarish  form  of  the  body  posteriorly,  and  by  the  blackish  color  of 
the  setfie.  Nino'i  nigripes  V.  (Plate  3,  fig.  5),  Goniada  maculata^ 
Anthostoma  acutum  F.,  Chcetozone  seiosa  Malmgren,  Ammotrypane 
fimbriata  V.  (Plate  2,  fig.  3),  Notomastus  latericeus  Sars,  and 
several  species  of  Amphilrite^  were  frequently  met  with ;  Nothria 
opalina  V.  (Plate  4,  fig.  4),  Pista  cristata  Malmgren,  Melinna 
cristcUa  M.,  and  Terehellides  Stroemi  were  common  on  all  the  deep- 
water  muddy  bottoms.  Grymoea  spiralis  V.  (Plate  5,  fig.  5),  a 
new  species  remarkable  for  its  curious  tube,  composed  of  sand 
firmly  cemented  in  the  form  of  a  double  spiral,  the  two  halves 
coiling  in  opposite  directions,  occurred  in  both  64  and  94  fathoms, 
and  had  previously  been  dredged  by  us  in  the  Bay  of  Fundy,  off 
Grand  Menan.  Rhodine  Loveni  Malmgren,  and  Axiothea  catenula 
M.,  are  new  additions  to  the  American  fauna.  Among  the  Sipun- 
culoid  worms  Phascolosoma  coementarium  and  P,  tubicola  V.  were 
common ;  P.  boreale?  was  rather  rare  in  64  fathoms,  but  was  after- 
wards dredged  iu  abundance  on  Cashe's  Ledge  by  Dr.  Packard ; 
Chcetoderma  nitidulum  Loven  (Plate  6,  fig.  6)  was  not  uncom- 
mon in  48  to  64  fathoms, 
A  remarkable  new  genus  of  Nemerteiins,  was  represented  by  a 
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specimen  eight  feet  long,  of  a  bright  orange  color.  This  is  the 
Macronemertes  gigantea  V.  (Plate  2,  figs.  5,  6).  Among  the  mol- 
lusks  there  were  many  interesting  species,  though  but  few  that 
were  new  to  our  coast.  Crenella  dectissata,  apparently  perfectly 
identical  with  European  specimens,  and  very  distinct  frona  C7- 
glandula^  was  not  rare.  Nevsra  arctica  Loven,  of  large  size,  oc- 
curred sparingly  in  most  of  the  deeper  dredgings.  Yoldia  thraci- 
formis  was  common  in  all  the  deeper  localities,  and  some  of  the 
living  specimens  were  unusually  large.  Area  pectunculoides  and 
Dacrydium  vitreum  occurred  in  the  94-fathom  locality,  about  thirty 
miles  off  Cape  Elizabeth;  the  last  is  a  new  addition  to  the  fauna 
of  the  United  States.  Scaphander  puncto-striatus,  of  good  size, 
and  Philene  quadrata  were  not  uncommon  in  most  of  the  deeper 
hauls.  Dantalium  occidentale  occurred  in  the  94-fathom  locality, 
and  with  it  a  species  occurred  which  much  resembles  Entalis 
striolata^  but  in  the  character  of  the  animal  (see  Plate  I,  fig.  3) 
it  agrees  better  with  the  Dentalium  agile  of  G.  O.  Sars.  Apor- 
rhais  occidentalism  Neptunea  curia  (Jeff,  sp.),  N.  pygmcea  (Gould 
sp.),*  Turritella  erosa^  Pecten  Islandicns^  and  many  other  decid- 
edlj"  northern  shells  were  not  uncommon.  Cktopus  Bairdii  V, 
(Plate  l,figs.  1  and  2)  occurred  only  once,  in  68  fathoms;  it 
had  been  dredged  previously  onl^^  in  the  deeper  parts  of  the  Bay 
of  Fundy,  in  1872.  Among  the  Ascidians  were  fine  specimens 
of  Glandula  fibrosa  Stimpson,  and  Eiigyra  pdalaris  V. ;  a  large 
soft  and  rather  flabby  species,  Ascidia  mollis  V.  (Plate  1,  fig.  5), 
occurred  in  abundance,  associated  with  several  other  more  com- 
mon species.  A  bright  purple  Botryllas  was  once  met  with  in  64 
fathoms.  On  the  scatteued  bowlders  there  were  several  fine  spe- 
cies of  Bryozoa,  such  as  Flustra  solida  Stimpson,  TuhuXipora 
crates  Stimpson,  etc.,  associated  with  very  large  specimens  of 
Terehratulina  septentrionalis^  and  numerous  sponges. 

Of  Echinoderms  the  most  abundant  species  was  the  starfish, 
Ctenodiscus  crispatusy  of  which  we  obtained  about  a  thousand  in 

•  An  examination  of  the  dentition  of  this  and  the  preceding  gpecles  shows  that  thej 
are  true  Bnccinidro,  and  quite  different  from  the  Tritontum  lalandicum  of  Loven  (=s 
JFiuuM  Bemicietuis,  t.  Jeffreys),  i^hich  lias  been  rejrurded  as  the  type  of  Sipho.  Our 
American  shell,  usually  called  Islandicut^  but  which  has  been  named  Fiuu$  curtua  by 
Jeffreys,  is  a  genuine  Xeptunea  closely  allied  to  ^V.  despeeta,  etc.  The  pygmna  dilTera 
considerably  in  its  dentition  from  the  typical  forms  of  Xeptunea^  as  well  as  in  having  a 
woolly  epidermis,  and  ought  to  be  separated  as  a  distinct  genus,  or  subgenus,  which  X 
have  elsewhere  described  under  the  ntime  ot  NeptuneUa,  (See  Beport  of  U.S.  Fish 
Commission,  for  1871,  p.  639). 
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one  haul  with  the  trawl,  but  Ophioglypha  Sarsii  and  0.  robusta 
were  also  abundant ;  tlie  little  Ophiuran,  AmpkiphoUs  tenuispina 
Ljung.,  occurred  in  68  fathoms ;  this  is  a  new  addition  to  the  Amer- 
ican fauna ;  Hippasteria  phrygiana  occurred  twice ;  Ophiacantha 
spinnloaa  and  Schizaster  fragilis  were  not  rare  ;  Thyone  scabra  V., 
Molpadia  oolitica  and  several  other  interesting  species  also  oc- 
cuiTed  ;  Corymoipha  pendula  was  abundant  in  95  fathoms  ;  among 
the  Anthozoa  were  Cerianthus  borealis  V.,  Edwardsia  farinacea 
v.,  Urticina  nodosa  F&hv,  sp.  (==?  Tealia  digitata  Gosse),"''  BoU 
ocera  Tuedice  Gosse,  very  large  and  fine.  The  last  species  had 
not  been  known  from  the  American  coast  before,  except  from  a 
few  detached  tentacles  dredged  last  year  near  St.  George's  Bank, 
and  U.  nodosa  had  not  been  previously  found,  except  last  year, 
when  it  was  dredged  by  Mr.  Smith,  east  of  St.  George's  Bank,  in 
430  fathoms,  and  by  Mr.  Whiteaves  in  the  deeper  parts  of  the 
Gulf  of  St.  Lawrence.  The  specimens  obtained  this  year  are 
much  larger,  some  of  them  being  6  inches  high  and  4  in  diameter. 
Of  sponges,  several  very  interesting  species  occurred  ;  among  them 
a  large  specimen,  two  feet  broad  of  PliakelUa  ventilabrum  Gray 
(the  Haliclwndna  ventilabi'um  of  the  earlier  English  writers) ; 
a  species  apparently  belonging  to  the  genus  Trichostemma  of  G. 
0.  Sars ;  and  over  twenty  specimens  of  Hyalonema  longissimum 
M.  Sars,  some  of  them  of  unusually  large  size ;  these  were  all  ob- 
tained in  95  fathoms,  about  30  miles  east-southeast  from  Cape 
Elizabeth.  This  last  species  had  not  been  dredged  before  on  the 
American  coast,  with  the  exception  of  a  single  specimen  dredged 
last  year  by  Messrs.  Smith  and  Harger,  off  St.  George's  Bank, 
in  430  fathoms.®  % 

With  the  Hyalonema  an  allied  species  often  occurred,  consist- 
ing of  small  irregular,  elongated,  fusiform,  compact,  white  sponge- 
masses,  connected  by  capillary  stolon-like  stems,  made  up  of 
slender  spicules  twisted  together.  This  species  creeps  over  the 
bottom,  but  does  not  stand  erect,  like  the  former. 

Several  calcareous  sponges  were  also  met  with ;  among  these 
was  a  large  and  handsome  species  of  Orantia,  externally  hispid, 

'It  seems  to  me  very  doubtAil  wheUter  the  Actinia  digitata  of  MUUer  was  actually 
the  species  that  commonly  bears  that  nnme  in  recent  European  works.  The  descrip- 
tion  wouM  apply  better  to  the  Bolocera  Tuedice  of  Gosse.  The  species  referred  to  above 
is  certainly  the  A.  nodosa  of  Fabricius,  who  well  described  it  in  1780,  as  Arom  deep 
water  off  the  Greenland  coast. 

<Mr.  Whiteaves  writes  me  that  he  has  also  dredged  it  in  the  Gulf  of  St.  Lawreuce 
this  summer;  and  it  was  also  subsequently  obtained  by  Dr.  Packard. 


Digitized  by  VjOOQIC 


S50 


B.      NATURAL  HISTOBflT. 


with  long  slender  Bpicula,  and  with  an  elegant  crown  of  very  long 
spicules  around  the  terminal  orifice.  It  most  resembles  O,  arctica 
{Sycandra  arctica  Haeckei),  but  may  be  an  undescribed  species. 

At  another  locality,  about  nine  miles  south-southeast  from 
Seguin  Island,  in  75  fathoms,  the  same  kind  of  bottom  was  found 
and  the  fauna  was  nearly  identical   with   that  described  al)ove. 

At  this  place  the  finest  specimen  yet  observed  of  Cerianthus 
borealis  V.  was  obtained  in  good  condition,  and  was  kept  alive 
several  days,  until  a  colored  drawing  could  be  made  by  Mr.  Einer- 
ton.  This  specimen,  in  extension,  was  about  20  inches  long,  and 
the  expanse  of  its  tentacles  was  over  six  inches.  The  color  of 
its  body  was  deep  olive-brown.  This  species  was  not  discovered 
until  last  year,  but  it  was  met  with  at  several  different  localities 
this  year,  and  seems  to  be  not  uncommon  on  muddy  bottoms  in  20 
to  100<athoms,  though  seldom  obtained  of  full  size  by  the  dredge, 
owing  to  its  living  deeply  buried. 


LIST   OP   SPECIES    FROM   OFF   CASCO    BAT,    MAINE,    IMHABITINO 
MUDDY   BOTTOMS,   IN   50    tO  95    FATHOMS. 

In  the  following  list  the  species  with  an  asterisk  (*)  prefixed 
belong  more  properly  to  the  hard  bottoms,  but  occur  more  or  less 
frequently  on  the  muddy  bottoms,  adhering  to  scattered  stones,  or 
among  broken  shells. 

The  figures  affixed  to  the  names  give,  in  fathoms,  the  greatest 
depths  at  which  the  species  have  been  dredged  on  the  New  Eng- 
land coast. 

ARTICULATA. 


Njmphon  giganteani,  82. 


Pycnogonida. 

I    •N.  grosslpes  (?),  65. 

Crvstacea. 


•Hyas  araneus,  72. 
•H.  coarctatas,  160. 
*Eupagurus  pubescens,  150. 
♦E.  Kroyeri,  480. 
•E.  Beinhardus,  150. 
♦Hippolyte  spina,  72. 
♦H.  Fabricil,  64. 
Fandnlus  borealis,  68,  114. 
*P.  aiuiulicornls,  430. 
Sabinea  septemcarinata,  68. 
Thysanopoda,  large  8p.,  142,  430. 
Mysls,  sp.,  08. 
Dlastylis  quadrispinosa,  68. 
*raraniphitho&«cataphracta. 
Hai'pinu  ftisiformlR,  110. 
Phoxus  Kroyerl,  60. 


(Ediceros  lynceos,  90. 
*Melltadeutata,  480. 
Byblls  Gaimardi,  79. 
Haploops,  sp.,  105,  114. 
Ainpelisca,  sp.,  142. 
Ptilochelrus  pinguis,  150. 
•Unclola  iri'orata,  480. 
Dullchla,  sp.,  60. 
♦Cnprella,  sp.,  with  spines,  142. 
Praniza  cerliia,  68. 
Asellodes  alta,  90. 
Anthura  brachiata,  110. 
Lernsean,  on  Eunoa  C£ rated  11,  68. 
Lernaean  on  Terebellides 

Stroemi,  68. 
*Balauas  porcatus,  150. 
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Annelida. 


Aphrodita  aculeata,  72,  90. 
Leetmonice  fllicornis,  150. 
•EunoaCErstedii,  72. 
♦E.  nodosa,  68. 
"^Haruiothue  iinbricata,  64. 
Anlinog  Sarsli,  110. 
Eiiipo  gracilis  V.,  80. 
Pholog  ininuta,  68. 
Nephthys  in^ens,  142. 
N.  ciliata,  114. 
Pliyllodoce,  sp.,  110. 
♦P.  GroBiiIandlca,  90. 
Eteone  depressa,  110. 
♦Nereis  pela^jica,  142. 
Nereis,  sp.,  68. 
Gaitiola,  sp.,  68,  90. 
•Leodlce  vivida,  430. 
Nothria  opnlina,  150. 
♦N.  conchy lega,  430. 
Ninog  nigripes,  114. 
Lumbriconereis  fra^^ilis,  430. 
Goniada  inaculata,  150. 
Rhynchobolus  albus,  110. 
Sculibregiria  inflatum,  150. 
•Travisia,  sp.,  95,  106. 
Brada,  sp.,  90. 
Tecturella  flaccida,  90. 
Tropiionia  aspera,  150. 
Ophelia,  sp  ,  107. 
Aminotrypane  flmbriata,  114. 
Sternaspis  fos&or,  142. 
Scolecoiepis  cirrata,  150. 
Anthostoina  acutum  V.,  64. 
Anthostoma,  sp. 
Chsetozone  setosa,  106. 


♦Dodecacerea  concharum,  90. 
Maldane  Sarsii,  150. 
lihodine  Loveni,  50. 
Axiothea  catenula,  54. 
Praxilla  gracilis,  114. 
P.  prseterinissa,  114. 
♦Nlcomache  lumbricalls,  110. 
Auimoctiares,  sp.,  142. 
Notoinastus  laterlceus,  110. 
Ancistria  capillaris  V.,  117. 
♦Cisteuides  granulatus,  90. 
Ampharete  gracilis,  106. 
A.  Fiiimarchlca,  110. 
AmpUicteis  Guimeri,  110. 
Amage  auricula,  160. 
Samytha  sexcirrata,  110. 
Meiiniia  cristata,  150. 
Terebellides  Siroeml,  142. 
Pista  crlstata,  150. 
Gryinsea  spiralis  V.,  95. 
♦Thelepus  cincinnatus,  142. 
♦Amp  hi  trite  cirrata,  95. 
A.  Johnstoni,  64. 
A.  Groenlandica,  68. 
A.  intonnedm,  94. 
P«»lyclrrus,  sp.,  110. 
♦I'otamilla  oculifera,  90. 
Siibella  zonalis,  107. 
Choue,  sp.,  95. 
Kuchone  elegans  V.,  106. 
Myxicola  Steenstrupil,  72. 
♦Protula  media,  90. 
♦Verm ilia  serrula,  106. 
♦Splrorbls  lucidus,  114. 
Ichthyobdella  (on  Raia  IflBvis),  68. 


Oephyrea, 


♦Phascolosomaboreale  (?),  64,90. 
P.  cfementarium,  480. 
P.  tublcola  v.,  110. 


Priapulus,  sp.,  60. 
Chffitoderma  nitidulura,  110. 


Nemertes  affinis,  110. 
Meckelia  lurlda  V.,  110. 


Turbellaria. 


Macronemertes  gigantea  V.,  68. 
Ophloneraertes  agllls  V.,  90. 


UOLLUSCA. 

Cephalopoda. 


Octopus  Balrdil  V.,  106. 
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OcLstropoda. 


Bela  decassata,  04. 
B.  caiicellata,  430. 
B  pie  uro  torn  aria,  107. 
B.  lunicula,  117. 
Admete  viridulu,  150. 
Neptunea  curia,  G8. 
N.  deceincostata,  107, 
Neptune) la  pygntsea,  430. 
Buccinuni  undatum,  52. 
Nntica  clausa,  430. 
Luuatia  Groenlaiidicai  430. 
L.  imniaculata,  430. 
•Trlcliotropls  borealis,  80. 
*Velutlna  zoiiata,  150. 
♦V.  la;vi«:atrt,  110. 
Apoi  rlials  occidentalls,  150. 
Tunitella  erosa,  106. 
Sciilaria  Groiiilandica,  85. 
KiHsoa  exarata,  95. 


"^Margarita  obscnra,  430. 
•M.  cinerea,  150. 
"^Caliiostoma  occldenUlei  82. 
"^Diadora  noacliina,  430. 
♦Lepeta  caeca,  110. 
Scaphander  puncto-striatos,  150. 
Cylichna  alba,  150. 
ITtriculuM  pertenals,  114. 
PhHlne  quadrata,  110. 
P.  lini'olata,  64. 
♦Polycera  Lessoni,  50. 
*Dorifi  planulaU,  142. 
•Trachydermon  albus,  150. 
Stlnipsoniella  Kmersonii,  60. 
*Hanlela  niendicaria,  80. 
Pentalium  occldentale,  150. 
Entails  strlolata,  150. 
£.  agills  ?,  95. 


Lamellibranchiata. 


♦Zirphflea  crispata,  80. 
Mya  areuaha  (young),  64. 
Nesera  arctica,  150. 
N.  pellucida,  142. 
♦Saxicava  arctica,  114. 
Panopaea  Norveglca,  116,  118. 
Thracla  myopsis,  150. 
T.  truncata. 

Periploma  papyracea,  109. 
Macuma  sabulosa,  142. 
Cyprina  IslandJca,  72. 
Cardiura  pinnulatum,  150. 
C.  Islandicum,  117. 
Crypiodon  Gould  1 1,  110. 
C.  obesus,  430. 
Luclna  fllosa,  142. 
Astarle  len.s,  430. 
A.  undaia,  117. 
A.  quadrans,  150. 


Cyclocardia  borealis,  107. 

C.  Novangliffi,  90. 

Nucula  tenuis,  142. 

N.  proxlma,  60. 

N.  delpliinodonta,  68. 

Leda  tenulsulcata,  150. 

Yoldla  obesa,  150. 

Y.  ihraciformis,  142. 

Y.  sapotllla,  117. 

♦Area  pectunculofdes,  150. 

♦Modlolarla  nigra,  107. 

♦M.  dlscors,  90. 

M.  corrugata,  105. 

Crenella  glaudula,  110. 

C.  decussata,  60. 

Dacrydlura  vitreum.  95,  107,  142. 

"^Pecten  Islandicus,  114. 

*P.  tenulcostatus,  110. 

*Anomia  aculeata,  150. 


Tunicata, 


•Ascidla  mollis  v.,  107. 
*Ascidiop8is  complanatus,  110. 
♦Ciona  teuelia,  64. 
Molgula  pannosa,  64. 
•M.  retoriirormis,  68. 
Eugyra  pilulans,  105,  114. 
Glaudula  Hbrosa,  95,  106. 

Brachiopoda, 
*Terebratulina  septentrionalls,  150. 


•G.  arenicola,  160. 
*Cynthia  echinata,  64,  80. 
♦C.  carnea,  64,  80. 
♦BotrylluM,  sp.,  64. 
♦Amaroeclum  glnbrnni,  64. 
*Lfptocliuum  albidum,  72. 
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Polyzoa, 


♦Crlsia  eburnea,  117. 
♦Honiera  liclienoides,  150. 
*I)iscoporella  verrucarla,  150. 
♦Idmonea  pruinosa,  118. 
♦Discofascijjera  luceruaria;  110. 
♦Flustra  solidaSt ,  «4. 
*Membranlpora  pilosa,  64. 
Gernellaria  loricata,  142. 
♦Cellularia  teniaia,  150. 
♦C.  bcabrn,  95. 


C.  Peachii  (?),  150. 
Bus:iila,  son  sp.,  95,  430. 
*B.  fasiisiata,  150. 
Bus:ula  Murrayana,  430. 
Caberea  Ellisii,  150. 
♦Anarthropora  borenlis,  150. 
♦Cellepora  scabra,  150 
*C.  raraulosa,  var.,  150. 
♦Alcyonidium,  sp.,  64. 


RADIATA. 


Ecluuodermata. 


♦Lophothuda  Fabrlcli,  110. 
♦Psolus  phantapns,  72. 
Pentacta  assimilis,  95,  430. 
Thyone  scabra  V.,  HO,  150. 
Stereodenim  unisemita,  142. 
♦Thyonldium  pmduclum,  80. 
♦T.  hyjdliuim,  80. 
Molpadia  oolltica,  95. 
JSchizaster  fnijj:ilis,  430. 
♦Echinuracliiiius  panna,  430. 
♦Stroiigvlocentrotus  Diobachlen- 
8ls/430. 


♦Leptasterias  compta,  90. 
*L.  tenera,  65,  142. 
♦Cribrella  san<ru!uolenta,  90. 
♦Hippasteria  pliryg'nina,  60,  90. 
Cteiiodlscus  crispatus,  114. 
Oplilojrlypha  Sar:iii,  430. 
O.  robnsta,  118. 
O.  affiiiis,  105,  118,  150. 
♦Amphlpholls  elegaiis,  105. 
A.  tenuispiiia,  105. 
♦Opiiiopholis  aculeata,  104. 
OphiacaDtha  spinulosa,  150. 


Acalephce, 


♦Campanularia  vertlcillata,  430. 
♦SerLularia  ciipressiiia,  150. 
♦Sertularellapolyzonias,  var.,  142. 
♦S.  tricuspidala,  430. 


♦LafoSa  gracilllma,  480. 
♦Eudeiidrium  rainosura,  430. 
♦Tubularia  iiidivisa,  430. 
Coryinorplia  peiidula,  95. 


Antliozoa, 


*CorniilarielIa  modcsta  V.,  106. 
♦Urtlcina  nodosa  (Fab.  sp.),  430. 
♦U.  crasslcornis,  430. 
♦Bolocera  Tuedise,  150. 


Edvvardsla  farinacea  V.,  95. 
E.  sipunculoides,  106. 
Ccrianthus  barealis  V.,  150. 


Protozoa    (  Spongifje ) . 


•Grantla  arctica  (?),  95. 
Hyalonema  longissimuin,  95. 
♦Polymastia  sp.,  117. 


♦Pliakellia  ventilabnim,  GS. 
♦Reulera,  soft  sp.,  etc. 


FAUNA    OF   THK    HARD    BOTTOMS    IN   THE    OUTKR   WATERS. 

Very  few    localities  of  ''hard"  bottom    have     been    met  within 
more  than  25  fathoms  of  water ;    and  consequently  we  have  not 

A.  A.  A.  8.    VOL.    XXII.      B.  (23) 
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obtained  so  complete  a  knowledge  of  the  fauna  occupying  sach 
bottoms,  at  greater  depths  off  this  coast,  as  of  that  inhabiting  the 
soft  muddy  bottoms.^  But  a  considerable  number  of  species  be- 
longing properly  on  rocky  bottoms  came  up  attached  to  the  bowl- 
ders, already  referred  to,  which  we  frequently  brought  up  even  from 
the  softest  mud.  Other  inhabitants  of  such  bottoms  were  obtained 
from  the  stomachs  of  fishes,  freshly  caught.  From  these  and 
other  sources  we  can  now  compile  a  pretty  full  list  of  species  be- 
longing to  the  hard  bottoms  in  depths  between  50  and  125  fathoms, 
off  the  coast  between  Cape  Cod  and  Mount  Desert. 

Two  of  our  dredgings,  off  Seguin  Island,  in  38  and  45  fathoms 
respectively,  belong  to  the  series  of  outer  and  deeper  dredgings, 
rather  than  among  those  made  in  the  bays.  They  are,  however, 
somewhat  intermediate  in  character. 

The  first  named  locality  was  unusually  rich  in  species.  I  there- 
fore give  the  entire  list  obtained  at  that  place,  so  far  as  they  have 
been  identified.  The  bottom  was  generally  hard,  and  in  places 
rocky,  but  some  patches  of  mud  were  evidently  encountered  by 
the  dredge,  and  consequently  there  was  a  considerable  number  of 
true  mud-dwelling  species  mixed  with  those  belonging  to  the  hard 
bottoms.  Only  one  haul  of  the  dredge  was  made  at  this  locality, 
owing  to  unfavorable  weather,  but  over  125  species  of  animals 
were  obtained. 

CONTENTS  OF  A  SINGLK  HAUL  OF  THE  DREDGE  MADE  AUG.  13,  1873, 
ON  HARD  BOTTOM,  WITH  SOME  SPOTS  OF  MUD,  IN  33  FATHOMS  ; 
LOCALITY,  BIX  MILES  EAST  OF  SEGUIN  ISLAND. 

ARTICULATA. 


Pyaiogonida, 
Nymphon,  sp. 

Crustacea. 

Ilippolyte  spina. 
Unciola  irrorata. 
Cenipus  rubricornis. 
Monoculodes,  sp. 


Hyas  coarctatus. 
EupHgurus  Kroyeri. 
Pandalus  annulicoruis. 
Hlppolyte  puslola. 


Metopa,  sp. 
Caprella,  sp. 
Praniza  cerina. 


*This  hns,  however,  been  remedied  to  a  considerable  extent  by  some  of  ti.e  BUbse- 
quent  dredgings  made  by  Dr.  Facknid,  when  on  the  Bache. 
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Harmotho6  ImbricatA. 
Phyllodoce  catenulaV. 
Nothria  coiichilcga. 
La  mbri  CO  nereis  fragilis 
Nlnog  niarrlpes  V. 
Anthostoraa  acutumV. 
Gattiola,  sp. 
Nereis  pelaglca. 


Annelida. 

Nicomache  lumbrlca- 

lis. 
Ancistria  capillaris  V. 
Cistenidesgranulatus. 
Ampharete  gracilis. 
Ampharete,  sp. 
Mellnna  cristata. 
Tiielepus  cinclnnatus. 

Oephyrea, 


Am  phi  trite  GrcQDland- 

ica. 
Sclone  lobata. 
Clione,  sp. 
Potamllla  oculifera. 
Sabella,  sp. 
Splrorbis  luciflns. 
yermilia  serrula. 


Ftiascolosoma  caementarium.  |  Pliascolosoma  tubicola  V. 

Turbellaria. 
Nemertes  afflnls. 


Admete  viridula. 
Bela  turricuia. 
Bela  harpularla. 
Bela  violacea. 
Buccinum  undatum. 
Neptunca  decemcostata 
Neptunella  py^maea. 
Astyris  zonalis  V. 


M0LLU3CA. 

Gastropoda, 

Trlchotropls  borealis. 
Aporrhals    occideu ta- 
lis. 
Velutlna  laevigata. 
Lam  ell  aria  perspicua. 
Lunatia  Groenlandlca. 
Turrltella  erosa. 
Lepeta  caeca. 


Calliostoma   occlden- 

tale. 
Mar^jarita  cinerea. 
Diadora  noachina. 
Doris  planulata. 
Hanleia     mendicaria 

Carp. 
Entails  striolata. 


Saxicava  arctlca. 
Macoma  sabulosa. 
Cardium  Islamlicum. 
Cardium  piiuuilatum. 
Cypiina  Islandica. 
Astarte  undata. 


LameU  ibranch  ia  ta . 

Astarte  elliptica. 
Astarte  lens. 
Cyclocardla  borealis. 
Crenellaglandula. 
Modiolaria  discors. 


Modiolaria  corrugata. 
Leda  tenuisulcata. 
Nucula  tenuis. 
Pecten  Islandicus. 
Anomia  acaleata. 


Ascldiopsls  complan- 

atus. 
Glandula  arenicola. 


Tunicata, 

Moigala  pannosa. 
Leptoclinum  luteolum 
Leptoclinum  albidum. 


Amarooclum  glabrum. 
Lissoclinum,  sp. 


Brachiopoda. 
TerebratuliDa  septcntrionalis. 


Tubnlipora  crates. 
Idmonea  pruinosa. 
DIscofascigera  luceroa- 
ria. 


Polyzoa. 

Crisia  eburnea. 
Caberea  Elllsii. 
Gemellaria  loricata. 
Flustra  solida. 


Cellulnria  ternata. 
Cellepora  scabra. 
Cellepora  ramulosa. 
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RADIATA. 


Lophotlinria  FabricH. 
Stron^ylocentrotus 

Di*6l)ach!ensis. 
Solaster  etulcca. 
At>U  lias  vulgaris. 
Steph:.nasteiia8  albula 

Veirill. 


Echinodermaia, 

Leptasterlas  compta. 
Cribrella  saiiguino- 

lenta 
Ophiucantha  spina- 

losn. 
Amphipholis  elegans. 


Ophiopholis  aculeata. 
Ophlogiypha  Siirsti. 
Ophioglypha  robusta. 


LafoPa  frutlcosa. 
Lafoi'a  duraosa. 
Halecium  muricatam. 


Acalephoe, 

Grnmmnrla  abietina. 
Seriularia  argeiitea. 
Sertularia  latluscula. 


Sertularella     polyzo- 

nias. 
Eudendrium  capillare. 


Urticina  crassicornls. 


Anthozoa. 
Cornularlella  modesta  V.,  new  genas  and  sp. 


Tethya  liispida.  [ 

llalichondria,  several  sp{ 


PROTOZOA. 


Spongice. 
Keniera,  sp. 


Grantia  clliata. 


Foraminifera. 
Kumerous  species. 


Laminaria  longicruris. 


ALGiE. 

I    Agaruin  Turneri. 


Desmarestia  aculeate. 


The  45-fathom  locality  was  about  five  miles  southwest  from 
Seguin  Island.  At  this  place  we  dredged  many  of  the  species  ob- 
tained at  the  place  last  named,  together  with  a  number  of  addi- 
tional ones,  among  which  were  the  following  : 


Hippolyte  aculeata, 
Ptilocheirus  pinguis. 


Nephthys  ingens. 
Kbyuchobolus  albus. 


ARTICULATA. 

Ci-U8tacea. 
Diastylls  quadrispinosa  I 

Annelida, 

Trophonla  aspera.  I 

Ammochares,  sp.  | 


Balanus  porcatus. 


TerebelHdes  Stroemi.. 
Myxlcola  Steenstrupil. 


Digitized  by  VjOOQIC 


B.      NATURAL   HISTORY. 


357 


Bela  decussata. 
Natica  clausa. 
Scalaria  Groenlandica. 


MOLLUSC  A. 

Margarita  obscara. 
Cylichna  alba. 
Yoldia  thraclformls. 


Eagyra  pUularis. 
Amarosclum  pallidum. 


RAD  I  ATA. 

Cerianthus  borealis  V.    |    Eudendriuro  ramosum. 

Farther  to  the  west,  off  the  mouth  of  Casco  Bay,  and  about  two 
to  three  miles  south  of  Half-way  Rock,  in  27  fathoms,  we  made 
another  haul,  very  similar  to  the  one  in  33  fathoms,  described 
above.  The  bottom  was  here  composed  of  coarse  sand  and  gravel, 
pebbles,  small  stones,  apd  broken  shells,  with  some  mud.  A  large 
proportion  of  the  species  given  in  the  list  for  the  33-fatliom  local- 
ity also  occurred  at  this  place,  with  many  additional  ones,  among 
which  were  the  following  : 


Eupagnrns  Bemhardus. 
Crangon  vulgaris. 
Hippolyte  Fabrlcii. 


Nephthys  ingens. 
Ammochares,  sp. 


Bela  decussata. 
Scalaria  GroenlaDdica. 
Natica  clausa. 


Crustacea. 

Cumacea,  two  sp. 
(Ediccros  lyuceus. 
Ptilocheirus  pinguls. 


Annelida, 
PraxlUa  zonata  V. 

Gastropoda, 

Lnnatia  imniaculata. 
Margarita  obscura. 


Ampelisca,   sp.    with 

red  dorsal  spots. 
Ampelisca,  small  sp. 
Authura  brachiata. 


Pista  crlstata. 
Terebellides  Stroeml. 


Cylichna  alba. 
Philine  aiigulata. 


Cryptodon  Gouldll. 
Cyclocardia  NovangUffi. 


LamelUbranchiata. 

Astarte  guadrans. 
Yoldia  sapotilla. 


Modiolaria  uigra. 


Echinodermata, 
Hippasteria  phryglana,  one  large  specimen. 

A  number  of  dredgings  were  made  on  and  near  East  and  West 
Cod  Ledges,  several  miles  off  Cai^e  Elizabeth.  The  shallower 
parts  of  these,  in  10  to  15  fathoms,  are  very  rough  and  rocky,  so 
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that  in  some  places  the  dredge  could  not  be  used,  and  even  the 
tangles  suffered  seriously  bj-  the  iron  frame  becoming  caught  and 
jammed  among  the  rocks  so  firmly  that  it  could  not  be  extricated 
without  using  force  sufficient  to  bend  and  twist  the  stout  iron  cross- 
bar. At  somewhat  greater  depths,  in  20  to  30  fathoms,  farther 
away  from  the  crests  of  these  ledges,  the  bottom  was  generally 
stony  and  gravelly,  though  often  rough,  and  the  dredges  were  used 
with  good  success.  Most  of  the  species  from  these  localities  have 
been  enumerated  in  the  two  preceding  lists,  and  need  not  be  re- 
peated here,  but  a  considerable  number  of  additional  ones  occurred. 
The  roughest  parts  of  the  ledges,  in  10  to  15  fathoms,  are  over- 
grown with  red  algae,  and  among  these  the  reddish  variety  of  cod, 
known  as  *'  rock-cod,"  abounds.  Here  also  a  large  number  of  in- 
teresting Crustacea  were  obtained,  most  of  tliem  having  red  colors, 
evidently  adapting  them  for  concealment  among  the  algae. 

Several  of  these  occurred  also  in  the  previous  lists,  but  are  re- 
peated here  to  show  more  fully  the  peculiar  character  of  the  fauna 
of  these  rough  ledges.  We  ascertained  that  the  cod -fish  caught 
here  feed  chiefly  on  these  Crustacea,  their  stomachs  often  being 
filled  with  crabs,  shrimps,  and  smaller  species  named  below,  to-^ 
gether  with  more  or  less  numerous  Mollusca,  Holothurians,  Ophi- 
urans,  etc.  The  OphiophoUs  acideata  was  a  common  and  impor- 
tant part  of  their  diet,  and  several  specimens  of  a  large  Thyoni- 
dium  were  taken  from  the  stomach  of  a  cod,  at  this  place,  though 
we  did  not  dredge  it  at  all,  either  here  or  elsewhere. 

Among  the  species  that  occurred  on  the  Cod  Ledges,  are  the 

following : 

Pycnogonida. 

Phoxichilidlum  femoratum.     i    Nympbon,  sp. 


Ilyaa  coarctatus. 
Cancer  irroratus. 
Eupagurus  Kroyerl. 
E.  pube^ceiis. 
E.  Beriiliaidus. 
Hippolyte  Fabricii. 
H.  aculeata. 


Eunoa  CErstedii. 
Lepidonotiis  sqiinmatus. 
Harnnothoe  imbricata. 
Phyllodoce  cateuula. 


Crustacea, 

H.  spina. 
H.  Phippsii. 
H.  pusiola. 
Cran«;on  borens. 
Pandaliis  annullcornls. 
Purainpbithoe  pulchel- 
la. 

Annelida. 

Euphrosyne  borealis. 
Am  phi  trite  cirrata. 
Scioiie  lobata. 
Thelepus  ciuclnnatQS. 


AniphilhoS,  sp. 
Cerapus  rubrfcornis. 
Unci  Ola  irrorata. 
Caprella,  fp. 
Prantza  cerliia. 
Balanus  porcatus,  etc. 


Potamilla  ocullfera. 
Spirorbls  lucldus. 
S.  quad^an^^lal'i8. 
Venn  ilia  serrula. 
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Trophon  scalar! formis. 
Boccinum  umlatum. 
Neptunea  curta. 
Trichoiropis  borealls. 


Gastropoda. 

Menestho  albula. 
Margarita  obscura. 
M.  clnerea. 
Lepeta  caeca. 
Doris  plaiuilata. 

Lamellibranchiata . 


Trachydermon  ruber 

Carp. 
T.  albus  Carp. 
Tonlcella  marmorea 

Carp. 


Saxicava  arctica. 
Cardium  piDnnlatum. 
Astarte  uudata. 


Cyclocardia  borealis. 
C.  Novan^liae. 
Modioia  modiolus. 


Mod  I ol  aria  dlscors. 
Anoniia  aculcata. 


Tunicata^ 


AschUopsis  complau- 
atus. 


Cyntbla  pyriformis. 
Aiuaroeciuin  glabrum. 


Leptoclinum  albidum. 
L.  luteolum. 


Brack  iopoda. 
Terebralulfna  septentrional  is. 


Alcyonidium,  red  sp. 
Crisla  ebunica. 


Polyzoa. 

Tubulipora  patina. 
Caberca  £lli»ii. 


Lepralia,  several  sp. 


Lophothurla  Fabricii. 
Thyonidium,  sp. 
Strongylocentrotus 
Drobachieusis. 


Echinodei  maia. 

Asterias  vulgaris. 
Leptasterias,  sp. 
Steplianusterias    al- 
bula Verrill. 


Crlbrella     sanguino- 

leiita. 
Ophiopliolls  aculeata. 
Opbioglypiia  robusia. 


AcalephcB, 

LafoSa  dumosa. 
Sertularia  pumila? 
S.  argentea. 
Sertularella  polyzon- 
ias. 


S.  tricuspldata. 
Halecium  nuiricatum. 
Tubularia  iudivisa. 


Lucernaria  quadricornis 
Obelia  geniculata. 
Campanuiaria  volubilis. 
C.  iuti'gra. 
Calycella  sjTinga. 

Also    species   of  Grantia^   Polymastia,   HaJichondria^   Tricho- 
stemma  and  numerous  other  sponges,  not  determined. 


ALGM, 

The  following  occurred  at  12]  fiithoms : 


Affarum  Turneri. 
Delesseria  siiiuosa. 
T).  alatn. 
Calliblcpharis  ciliata. 


Euthora  cristata. 
Ptilota  serrata. 
Cjillitbamnion  Pylai- 
S8Bi, Willi  tetraspores. 


Corallina  officinalis. 
Lithothnmnion  poly- 
morplium. 
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FAUNA  OF  CASCO  BAT,  IN  SHALLOW   WATER. 

In  Casco  Ba}',  among  the  islands,  in  moderate  1}^  shallow  water, 
there  is  great  diversity  in  tlie  character  of  the  bottom,  and  here  a 
large  amount  of  profitable  dredging  has  been  done.^^  Most  of  the 
species  are  decidedl}'  boreal  and  arctic  forms,  which  we  had  pre- 
viously dredged  in  the  Bay  of  Fundy,  and  farther  north.  The 
depth  varied  from  3  or  4  to  about  30  fathoms.  Some  of  the  best 
localities  on  hard  bottoms  were  found  to  be  in  Hussey  Sound  ;  off 
Cow  Island  ;  off  the  northern  end  of  Peak's  Island  ;  off  Witch 
Rock  ;  off  the  Green  Islands  ;  off  Whaleboat  Island,  in  Broad 
Sound  ;  and  in  the  main  shiivchannel,  off  Fort  Preble,  etc.  In 
these  localities  the  bottom  was  composed  of  gravel  and  small 
stones,  and  occasionally  of  rough  rocks  with  broken  shells,  gravel, 
etc.,  overgrown  b}'  an  abundance  of  coarse  massive  sponges,  among 
which  were  several  species  of  Reniera^  Ilalichondria^  Suberites 
Polyviastia^  Tethya  hispida^  Bowerbank,  etc.,  together  with  more 
delicate  species  belonging  to  Chalina^  Isodictya^  etc. 

Several  species  of  calcaieous  sponges  also  occurred,  among 
which  there  were  two  or  three  species  of  Grantia  (Sycandra 
Ilaeckel)  a  small  species  of  LoAicandra^  on  algae;  and  a  species, 
apparently  undescribed  {Leucosolenia  cancellata  Ver.),  which  forms 
small  rounded  or  irregular  cerebriform  masses,  usually  less  than  an 
inch-  in  diameter,  consisting  of  an  intricate  network  of  slender 
anastomosing  tubes,  which  give  the  surface  a  cancellated  or  pitted 
character.  This  is  not  uncommon  on  rocks  and  shells.  Another 
peculiar  and  elegant  species  occurred  once  off  Witch  Rock,  at- 
tached to  TerehratuUna ;  this  forms  deep  goblet-shaped  or  cam- 
pan  ulate  cups,  with  a  wide  opening  and  smooth  acute  rim  at  the 

1^  Numerous  dredgings  had  also  been  made,  i)revions  to  our  visit,  in  the  shallower 
waters  of  Casco  IJay,  l;y  Mr.  C.  B.  Fuller  and  others,  during  several  years.  A  large 
and  vnluable  collection  of  the  shells  and  other  marine  invertebrates,  mainly  collected 
by  Mr.  Fuller,  contained  in  the  Museum  of  the  PorUand  Society  of  Natural  Ilistorj, 
was  burned  in  the  great  fire  of  18(i6.  Since  that  time  lie  has  accnmulated  for  the  So* 
ciety  another  valuable  collection  in  which  there  are  f>ome  species  not  obtained  by  our 
party.  Dr.  J.  W.  Mighels  many  years  ago  made  a  large  collection  of  the  shells  of  Casco 
Bay,  chiefly  from  the  chores  and  from  fish-t>tomachs.  Thiri  collection  became  the  prop- 
erty of  the  same  Society,  and  was  destroyed  by  the  previous  fire,  in  which  all  its  col- 
lections were  lost.  He  published  a  catalogue  of  the  shells  of  Casco  Bay,  etc.,  in  the 
•'  Boston  Journal  of  Natural  History,^*  vol.  iv,  p.  108, 1843.  Professor  E.  S.  Morse  also 
made  a  choice  collection  of  the  shells  of  Casco  Bay,  mostly  from  the  shores  and  shal- 
low waters,  previous  to  1860.  His  collection  is  now  in  the  Mutieum  of  Comparative 
Zoology.  In  this  paper  no  attempt  has  been  made  to  compile  IVom  these  and  other 
sources  such  species  as  we  did  not  obtain.  All  the  results  given,  unless  otherwise 
stated,  are  based  on  our  own  observations,  made  for  the  most  part  this  season. 
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top.  In  our  specimen  there  are  two  cups,  partially'  united  at  the 
base;  nearly  an  inch  higli  and  about  a  third  of  an  incli  in  diameter. 
The  surface  is  even,  minutely  porous,  and  but  slightly  hispid  ex- 
ternally. This  appears  to  be  a  new  species  of  I/eucandra  Ilaeckel, 
which  f  propose  to  call  L,  Cyathus. 

Among  the  more  interesting  Crustacea  dredged  on  such  bottoms 
were  numerous  beautifully  colored  shrimp,  belonging  to  six  species 
of  Hippolyte  and  the  common  Pandahis  annul icoiiii s ;  also  several 
peculiar  Amphipods,  amoncr  which  the  Acanthozone  cuspidata  is 
conspicuous,  on  account  of  its  numerous  spines.  An  undeter- 
mined species  of  Mysis  is  not  uncommon.  Of  Annelides  several 
new  and  many  rare  forms  occurred.  Among  the  new  species  are 
Enipo  gracilis  (Plate  5,  fig.  3),  remarkable  among  the  scnly  worms 
for  its  slenderness  and  the  small  size  of  the  scales,  which  only  im- 
perfectly clothe  the  anterior  part  of  the  back  ;  the  Ste2)ha7iOsyUi8 
picta  (Plate  4,  fig.  1),  a  small  but  handsomely  colored  worm,  be- 
longing to  a  genus  hitherto  known  only  from  the  Mediterranean ; 
Procerea  gracilis  (Plate  3,  fig.  2),  another  allied  species  of  small 
size  but  ver}'  active  in  its  movements  ;  Praxilla  zonula  (Piute  5,  fig. 
4),  conspicuous  on  account  of  the  bright  red  bands  which  surround 
the  anterior  part  of  its  body.  Other  interesting  species  are  Eulalia 
pistacia  V.  (Plate  4,  fig.  2),  which  is  usually  of  a  bright  epidote- 
green  color  and  very  lively  and  graceful  in  its  movements ;  Phyl- 
lodoce  catenula^  quite  as  lively  as  the  last,  and  more  slender,  with 
three  rows  of  brown  spots  along  its  back  ;  Girratulus  cirratus  and 
Scione  lobata  M.,  which  have  not  been  recorded  previously  from 
our  coast;  Vermilia  serrula  Stimpson  (Plate  4,  fig,  3),  remark- 
able for  the  two  lateral  chambers  added  to  its  tube  when  mature. 
Numerous  interesting  Ascidians  also  occurred,  among  them  the 
rare  Clielyosoma  geometricum  Stimpson  (Plate  1,  fig.  6),  hitherto 
found  only  in  the  Bay  of  Fundy.  This  was  dredged  oflf  Witch 
Kock,  in  18  fathoms.  Echinoderms  are  abundant  and  are  repre- 
sented by  several  interesting  species,  among  which  are  two  species 
of  Thyonidium  and  Pentacta  calcarea,  which  were  rather  rare ; 
Pentacta  frondosa  was  only  occasionally  met  with,  of  large  size ; 
good  sized  specimens  of  Lophothuria  Fabricii  were  occasionally 
dredged,  and  the  young  were  not  uncommon;  Ophiopholis  acule- 
ata,  Asterias  vulgaris^  Cribrella  sangainolenta  and  StrongylocentrO' 
tus  Drohachiensis  were  abundant,  but  Solaster  eiideca  and  Pteraster 
militaris  were  comparatively  rare  and  of  small  size.     The  Astro- 
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pity  ton  Agassizii,  so  abundant  in  the  Bay  of  Fundy,  and  also  in 
some  parts  of  Massachusetts  Bay,  was  not  met  with. 

Ilydroids  of  many  kinds  were  abundant,  and  among  them  there 
are  quite  a  number  of  species  new  to  our  coast.  The  beautiful 
Campanularia  integra  occurred  in  profusion  on  the  fronds  of  Aga- 
mm  Tumeric  with  Obelia  geniculata,  Campanularia  angnlata  and 
G.  fragilis^  Calycella  pygmceuy  and  Halecium  tenellum  are  other 
interesting  additions  to  our  fauna. 

LIST   OP   SPECIES    INHABITING  HARD  BOTTOMS  OF  CASCO  BAT, 
IN  SHALLOW   WATER. 

The  following  are  some  of  the  more  characteristic  species  dredged 
on  the  hard  bottoms,  in  8  to  80  fathoms : 


Cancer  irroratus. 
C.  borealls. 
Hyas  coarctatus. 
n.  araneuH. 

Eupa^urus  Beriihardus 
E.  Kroyerl. 
E.  pubescens. 
CraDgon  vulgaris. 
HIppoiyte  spina. 
H.  Fabrlcii. 
H.  actileata. 
H.  pusiola. 


ARTICULATA. 

Crustacea, 

Illppolyte  2;lbba. 
H.  Phippsit. 
Pundalus  miniilicor- 

nia. 
Mysis,  sp. 
Diastylis,  8p. 
Moera  Dante. 
Melita  dentata. 
Vcrtumnus  serratus. 
AcanthozouS  cuspi- 

data. 


I'arampliithoe  cata- 

phracta. 
Podocerus  fiicicola. 
Cerapus  rubriconiis. 
Ptiloclieh'UM  pinguis. 
U I  idol  a  Irrorata. 
Caprella,  ap. 
Prauiza  cerina. 
Idotea  Tuftsil. 
I.  pliosjophorea. 
BalaDUs  porcatus. 
B.  crenatus. 


Lepidonotns  sqnamatus. 
Eonoa  (Erstedli. 
HarmothoC  Imbricata. 
Enipo  gracilis  V. 
Cryptonota  cltrina. 
Phyllodoce  catenula  V. 
Eulalla  pistacia  V. 
Nereis  pelagica. 
Stephanosyllls  picta  V. 
Procerea  gracilis  V. 
Autolytus  cornutus. 
Aiitolytus,  sp. 
Notliria  coiichylcga. 
Polydora,  sp.  (in  shells) 


Annelida. 

CIrratulns  cirratus. 
Dodecacerea  coucha- 

rum. 
Praxllla  zonata    V. 
Nicomache  lumbrica- 

lis. 
Trophoiila  aspera. 
Tecturella  flaccida. 
Brada  granosa. 
Steriiaspls  fossor. 
Cistcnides  graimlatus. 
Thelepus  cincinnatus. 
Scione  lobata. 
Amphlfrite  cirrata. 


'     A.  Intermedia. 

Poly  cirrus,  pbosphor- 
I         ehcent  sp. 
I     MyxlcoIaSteenstrapii. 
I     Potamilla  oculifera 
(Leidy). 

Sabelia  zonalls  Stimp. 
{     Cliotie,  sp. 
I     Euchone  elegans  V. 
I     Spirorbis  lucidus. 

S.  nautiloldes? 

iS.  qundrangularis  St. 

Verm  Ilia  serrula. 

Filigi-aua  implcxa. 


Gephyrea, 
Phascolosoma  csementarium.    |     Phascolosoma,  sp.  nov. 
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Cosmocephala  Stimp- 
sonl  V. 


Turbellaria. 
Nemertes  affinis. 


Leptoplana  ellipsoicles. 


Bela  harpnlarla. 
B.  decussata. 
B.  tQrricala. 
B.  pleorotomarla. 
Admete  viridula. 
Trophon  clathratus. 
Buccinum  undatum. 
Neptunea  deceracostata. 
N.  curta  (Jeffreys'  sp.) 
Neptunella  pygmsea  V. 
Tritla  trivlttata. 
Astyrls  zonalis  V.  (dls- 

simllis  St.)- 
A.  rosacea. 
Trichotropis  borealis. 
Lacuna  vineta. 
L.  neritoidea. 
Katlca  claasa. 
Lunatia  heros. 


Saxicava  arctica. 
Thracia  truncata. 
Mya  arenaria  (young). 
Cyprina  Islandlca. 
Cardium  pinnulatam. 
C.  Islandicum. 
Cyclocardla  borealis. 


Boltenla  Boltenl. 
Cynthia  pyrlformls. 
C.  echinata. 
C.  carnea. 

Ascidiopsis     complana- 
tus. 


MOLLUSC  A. 

Gastropoda. 

S.  GroBnIandlca. 
L.  iraniaculata. 
Crucibulum  striatum. 
Velutina  zonata. 
V.  laevigata. 
Lamellaria  per^picua. 
Menestho  ulbula. 
Scalarla  Groenlandica. 
Margarita  obscura. 
M.  Groenlandica. 
M.  cinerea. 
M.  helicina. 
Calliostoina  occiden- 

tale. 
Diadora  noachina. 
Lepeta  cseca. 
Acmaea  testudinalis, 

var. 


LamelUbran  ch  iata. 

C.  NovanglisB. 
Astarte  uudata. 
A.  quadrans. 
Crenolla  glundula. 
Mytilus  edalls. 
Modiola  modiolus. 

Tunicata, 

Clona  tcnella. 
Chelyosoma  geometri- 

cum  St. 
Molgula  pannnsa. 
M.  retortiforrais. 
M.  papulosa. 


Cylichna  alba. 
Terglpes  despectus. 
JEolis  Mananensis. 
Dendronolus  arbores- 

cens. 
Doris  planulata. 
Onchidoris  pallida. 
Polycera  Lessonii. 
Doto  coronata. 
Tonicella  marmorea 

Carp. 
Trachydermon  albus 

Carp. 
T.  ruber  Carp. 
Hanleia  mendicaria 

Carp. 
Stiropsoniella  Emer- 

sonil. 


Modiolaria  nigra. 
M.  discors  (laevigata). 
M.  corrugaia. 
Peclen  Islandicus. 
P.  tenuicOsStatus. 
Anomia  aculeata. 


Amarceclum  glabrum. 
A.  pallidum. 
Lissoc'liniim,  sp. 
Leptoclinum  albldum. 
L.  luteolum. 


Brachiopoda, 
Terebratulina  septentrionalis. 


Idmonea  pruinosa. 
Crisia  eburnea. 
Tubulipora  crates. 
T.  flabellari«. 
Discoporella  verrucosa. 
Alcyonidium    (red    sp., 
on  shells). 


Polyzoa. 

Caberea  Ellisii. 
Biigula  Murrayana. 
B.  tastigiata. 
B.  avlcnlaria. 
Cellularia  ternata. 
Gemellaria  loricata. 
Flustra  papyracea  (?). 


Merabranlpora  pilosa. 
M.  lineata. 
Lepralia  Pallasiana. 
Lepralia,  several  sp. 
Dift»copora  cocci nea. 
Cellepora  scabra. 
C.  ramulosa. 
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Fentacta  fronclosa. 
P.  calcarea. 
P.  tninuia. 

Lopliotliurla  Fabricii. 
Psolus  piautapas,youiig. 
ThyoDurium  productum, 
T.  hyaliiinni. 
Leptasterias,  sp. 


Luceriiari  aquadricornis 

Obelia;;enicul;iia. 

().  lonjsissima. 

Odlcliotoiiia. 

(ironotliyiTa  hyalina. 

(t.  j2:i'acilis. 

it.  Loveni. 

Oainpanularia  flexQosa. 

C.  vol u bills. 

C.  ne^lucta. 

C.  iiitej^ra. 

C  caliciilata. 

C.  Hlncksll. 

C.  verticillata. 

C.  aiii^ulata. 

C.  fragllls. 


Metrldium  marginatum.! 
Urticina  crassicoruis.     I 


RADIATA. 

Ecliinodeifnata. 

Stronsylocentrotus 
Drobachieiisis. 

Asterias  vuljraris. 

A.  littoralls  (St.)- 

SU'pliauasterias  al- 
bula. 

Cribrella   sanguiDO- 
Iciita. 

Acalephce, 

Clytia  Johnstonl. 
Calycella  syriuga. 
C.  pygiiiffia. 
Halec'iiiin  muricatum. 
II.  ttiiieilum. 
H.  Beanii. 
H.  liak'ciiium. 
LafoiWi  fruticosa. 
L.  dumosa. 
L.  gracillima. 
Fllullum  serp**ns. 
Gram  mar  I  a  abietina. 
Opercularelia  lacer- 

ata. 
AutcMiuularia  autcn- 

niua. 

Anthozoa, 
Alcyoniura  rubiforme.i 


Solaster  endeca 

(small) 
Pteraster  miliiaris 

(small). 
Ophiopholis  aculeata. 
Ophio«iypha  robusta. 
Amphipholis  elegans. 


Sertalaria  argeiitea. 
S.  cupresslna. 
S.  laliascula. 
Diphasia  fallax. 
1).  rosacea. 
Serlularella  polyzo- 

nias. 
S.  tricuspidata. 
Hydralhnania  falcata. 
C/opplnia  arcta. 
Thamiiocnida  tenella. 
Ttibularia  iDdivisa. 
Acaulis  primariuM. 
Eudendrium  capillare. 
E.ramosum. 
Hydractinia  polyclina. 


Alcyonium  canieum. 


PROTOZOA. 

Spongioe. 
Polymastia,  new  sp. 
Tethya  liisplda  (Bow- 

erbank). 
Halichondria,  sp. 
II.  pannosa. 
Ueniera,  several  sp. 
Suberites,  sp. 


CUona,  sp. 
Isodlctya,  sp. 
I.  lobata  (Espersp.). 
I.  infundibulirormis. 
ChallDa  oculata. 


Grantlaclllata. 
Grantia  corouata.      [V 
LeiicosoU'iiia  caucellata 
Lcucandra,  sp. 
L.  cy  a  til  us  V. 
Polymastia  robusta? 
Bowerbauk. 

Besides  the  species  eiuunerated  above,  there  were  raan3'  others 
that  have  not  yet  been  identified.  Many  that  occurred  less  fre- 
quently on  the  hard  bottoms  than  on  sandy  or  muddy  ones  have 
also  been  omitted  from  the  list. 

Very  few  genuine  sandy  bottoms  were  met  with,  and  these  were 
generally  of  small  extent,  so  that  the  sand  was  nearly  always 
mixed  with  gravel,  pebbles,  or  mud,  when  brought  up  in  the  dredge, 
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and  there  was,  necessarily,  a  corresponding  mixture  of  the  animals 
inhabiting  these  different  kinds  of  bottoms.  Most  of  the  species 
found  on  such  bottoms  are  included  in  the  preceding  list.  A  num- 
ber of  species  occurred,  however,  on  sandy  bottoms  more  frequently 
or  in  greater  abundance  than  elsewhere.  Among  these  were  the 
following : 

Crangon  vulgaris^  Unciola  i)Torata,  Idotea  TuftsH,  Epelys  mon- 
tosiis  Harger,  Fraxilla  zonata  V.  (Plate  5,  Fig.  4),  Clymenella  tor- 
quata  V.,  Cistenides  granulatus^  Tetrastemma^  sp.,  Ophionemertes 
agilis  V.  (Plate  2,  Fig.  ^)^Lunatia  heroSy  Menestho  albulay  Utricidus 
pertentiiSn  Cocldodesma  LeanuiJiy  Clidiophora  trilineata^  Lyonsia 
Jtyalhia,  L.  arenata^  Mactra  j^olynyma  {ovalis  Gould),  Astarte  cas- 
tanea^  A.  quadrans^  Cypnna  Islandica^  Echinarachnius  imrma, 

FAUNA    OF  THE   MUDDY   BOTTOMS    IN   SHALLOW   WATER. 

Muddy  bottoms  of  various  grades,  and  at  all  depths  to  forty 
fathoms,  were  frequent  in  Casco  Bay,  especially  in  the  sheltered 
coves  and  channels  among  the  islands,  and  in  the  several  branches 
or  fiords  into  which  the  northeastern  portion  of  the  bay  is  divided. 
There  is  considerable  diversity  in  the  character  of  the  fauna  in  the 
different  parts.  The  deeper  localities  have  a  very  northern  fauna, 
similar  in  many  respects  to  that  of  the  muddy  bottoms  of  the  deep 
outer  water;  while  the  shallow  localities,  especially  in  the  inner 
harbor  of  Portland  and  in  Back  Cove,  have  a  less  northern  fauna, 
and  even  yield  a  few  decidedly  southern  forms,  such  as  Libinia 
canaliculata^  Limulus  Polyphemus^  etc. 

In  the  table  on  page  344  the  temperatures  of  the  water  in  many 
of  these  localities  are  given. 

The  following  table  contains  a  series  of  temperatures  taken  by 
Commander  Beardsley,  at  the  anchorage  of  the  steamer,  in  "  Blue 
Light  Cove,"  between  Peak's  Island  and  Hog  Island,  which  will 
serve  to  give  a  good  idea  of  the  average  temperature  of  the  shal- 
low waters  among  the  islands  in  Casco  Bay. 
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TEUrKRATUREfl  TAKEN  IN  SHALLOW  W%TER  IN  "BLUE  UOHT  COVE/ 


Datk 

LOCALITT. 

Weath- 
er. 

Hour. 

Tide. 

Tempebatxjre. 

si 

Nftnre  of 

Air. 

Sur- 
face. 

Bot- 

lom. 

boilom. 

July 

27 

Bine  Light  Core. 

Rainy. 

8  A.M. 

1  h.  flood 

61- 

bV 

56* 

Maddj. 

•* 

»           u 

41 

8  P.M. 

k       " 

60 

69 

56 

" 

88 

Off  Evorineen 
LAudiiig. 

Clear. 

12  m. 

4 

65 

60 

5B 

« 

" 

Rlue  Light  Core. 

II 

8  A.M. 

1.  w.  Slack 

65 

60 

5B 

II 

«« 

(t                  14                       »• 

II 

8  P.M. 

1.  w.  Black 

66 

62 

5S 

" 

29 

U             »*                 tt 

RalDy. 

8  A.M. 

6  h. ebb 

60 

58 

66 

11 

" 

'* 

II         It           1* 

tl 

8  PM. 

54     - 

06 

60 

67 

<( 

80 

II         II           II 

8  A.M. 

4       " 

68 

61 

60 

n 

ii 

« 

II         II           11 

8  P.M. 

*k     " 

70 

66 

61 

2 

*i 

31 

II       tl         II 

Clear 

8  A.M. 

34      " 

71 

62 

58 

i( 

" 

»l               M                  1* 

" 

8  P.M. 

s     *• 

66 

62 

59 

u 

Aug. 

1 

t<               II                  11 

Cloudy 

8  A.M. 

24      " 

62 

60 

66 

it 

2 

II               »l                  It 

II 

8  P.M. 

2       " 

68 

6S 

57 

" 

3 

11 

8  A.M. 

14    " 

66 

61 

67 

« 

4 

l«               II                  II 

Clear 

8  A.M. 

1      " 

71 

68 

66 

n 

•• 

t( 

If              II                  II 

" 

8  P.M. 

14     " 

70 

62 

58 

<t 

6 

l(               II                  U 

II 

8  A.M. 

68 

63 

57 

« 

(1 

li              11                  It 

II 

8  A.M. 

68 

62 

50 

n 

«< 

" 

.1               1.                  1. 

tl 

8  P.M. 

G4 

61 

57 

li 

7 

II              II                  II 

Cloudy 

8  A.M. 

65 

61 

58 

(1 

14 

tl                41                   II 

•• 

8  A.M. 

60 

58 

56 

It 

10 

II                II                   ll 

Rnlny 

SAM. 

61 

5^ 

67 

<( 

24 

II               II                   II 

«» 

8  a.m. 

6S 

61 

60 

<t 

(i 

II                11                   II 

Clear 

8  P.M. 

62 

58 

57 

2 

11 

2,') 

II                II                   II 

i< 

8  A.M. 

61 

58 

66 

2 

<l 

27 

II              U                  II 

II 

8  AM. 

60 

58 

67 

2 

" 

29 

II               tl                  II 

«         8  am. 

664 

61 

57 

2 

" 
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LIST   OF    SPECIES    INHABITING    THE   MDDDT   BOTTOMS    OF 
CASCO   BAY,    IN    2   TO   40    FATHOMS. 


Nymphon,  sp. 


Pycnogonida. 
Fallene,  sp. 


Phoxlchilldium  feraora- 
tum. 


I/iblnhi  cnnalfcnlata. 
Hyas  coiirctatus. 
Eupngurus  Kroyer!. 
E.  pubescens. 
E.  Bernhardoa. 
Crangon  vulgaris. 
Pandalus  annulicornls. 
Hippolyte  Galmardii. 
H.  puslola. 
H.  Fabrlcli. 
Mysls  Americana. 
M.  Sienolepis  Smith. 


Ci'ustacea. 

Plasty  lis  scnlpta. 
D.  quadri.'tpinosa. 
Endorellaliispida. 
(Ediceros  lyiiceus. 
Unciola  Irrorata. 
Cerapus  rnbricornis. 
Ptilociielrus  piiiguls. 
Byblis  Galmardii. 
B.  serrata. 
Phoxu8  Krnycrl. 
Coropliium  cylindri- 
cum. 


Pontoporela,  sp. 
Haploops,  HP 
Ampelisca,  vvitli  red 

spots. 
Orcliomene,  sp. 
Limuoria  terebrans,  In 

wood,  10  fathoms. 
Idotea  phosphorea 

llarg. 
Epelys  montosus  Harg. 
Limulas  Polyphemas. 


Annelida  and  Gephyrea. 


Aphrodite  aculeata. 
Harmothoi^  imbricata. 
Pholoe  minaia. 
Nepthys  ciliata. 
N.  ingens  St. 
Phyllodoce  catenulaV. 
Phyllodoce,  sp. 
Eulalia  plstacia  V. 
Etcone  pusilla. 
Nereis  pelaglca. 
Nlno6  nigripes  V. 
Lumbrlconereis  ob- 

tasa  V. 
L.  IraglHs. 
Gonlada  maculata. 
Bhyuchobolus  albas. 
Polydora,  sp.,  in  shells. 
Scolecolepsis  clrrata. 
Spio,  sp. 
Antliostoma  acutoroY. 


Trophonia  aspera  V. 
Ammotrypane  flm- 

briata  V. 
Oterlia,  sp. 
Spheniispis  fossor. 
Chffitozone  setosa. 
Clrratulus  cirratus. 
Clymenella  torquata. 
Rhodlne  Loveni. 
Nlcomache  lumbrica- 

lis. 
Maldane  Sarsil. 
Praxilla,  sp. 
P.  zonata  V. 
P.  gracilis. 
Ammochares,  sp. 
Anctstria  capiUnris  V. 
A.  acuta  V. 
Areniella  fillformis  V. 
Cistenldes  granulatus. 


C.  GouldiiV. 
Ampharete  gracilis. 
A.  Finmarcliica? 
Amphicteis  Gunneri. 
Mellnna  cristata. 
Amphltrite  brunneaV, 
A.  intermedia. 
A.  clrrata. 
Scione  lobata. 
Polycirrus,  sp. 
Clione,  sp. 
Euchone  elegans  V. 
Ichthyobdella  versipel- 

lis  Dies  (on  Cottus). 
Cheetodernia  uitida- 

lum. 
Phascolosoma  csemen- 

tarium. 


Turhellaria, 


Cosmocephala,  orange 

sp. 
C.  Stimpsonii  V. 


Opliionemertes  agUls 

V. 
Tetrastemmay  sp. 


T.  vlttata  V. 
Meckella  lurida  V. 
Leptoplana  elllpsoides. 
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Bela  harpulariA. 
B.  turricula. 
B.  pleurotomarla. 
Buccinum  uiidatum 

(youii«r). 
Neptunella  pygmaea. 
Trltlatrlvltirtia. 
Lunatia  lieros,  var. 
L.  imniaculuta. 
L.  Groeulandlca. 


Zlrpliaea  crispata  (in 

wood). 
Cyrtodarla  sillqua, 

young. 
Neaira  pelluclda. 
Mya  arena ria  (young). 
Saxlcava  arctlcn. 
Lyonsia  hyalina 
Thracla  Conradi. 
T.  myopsis. 
T.  trunrata. 
Periploma  papyracea. 
Knsatt'Ila  Americana. 
M  acorn  a  sahulo.**a. 
M.  fragiils  (fusca). 


Gastropoda. 

Apori'haiH  occiden- 

talia. 
Volntina  Irovlgata. 
Tricliotropis  borealis 
liissioa  carinata. 
li.  ex  a  rata. 
U.  (?)  eburnea. 
Scalaria  Groenlandlca. 
Turritella  erosa. 


La  m  elJibra  nchiata, 

Callista  convexa. 
Cyprlna  Islandlca. 
Cardium  pUinulatum. 
C  IMandirnin. 
Serrlpes  Gra'nland- 

icns. 
Luchia  fllosa. 
Cryptodon  (Jouldll. 
Solenoniya  velum. 
Cytlocardia  horealls. 
C.  Novanirliaj. 
A  St  arte  lens. 
A.  undata. 
Leda  tenuisnlcata. 
Yoldia  sapolilla. 


I     T.  aclcula. 

'     Margarita  obscara. 

!     M.  cinerea. 

Utriculus  pertenuls. 

ryllchiiaalba. 

riiiline  quad  rata. 

P.  lineolata. 

EntalLs  striolata. 


I     Y.  myalls. 

Y.  llmalula. 
I     Y.  tliracifonnis. 
'     Y.  obesa. 
1     Nucula  tennis. 
I     N.  delpidnodonta. 
I     N.  proxima. 
I     Crenclla  glandula. 
I     C  decussala. 
I     Modiolaria  nigra. 
I     M.  discors  (laevigata). 

M.  cormgata. 
I     MytiluM  ednlis. 

IVcten  tenuico-status. 


Titjiicata, 
Molgula  pannosa.     |     Eugyra  pilularls. 


Asteiias  vulgaris. 
Ctenodlscus  crlspatus. 


Corymorpha  pendula.     | 
llydraciinia  polycllua.  | 


Metridinm  marginatum  I 
(on  shells).  | 


Ech  inodermata . 

Opbioglypha  Sarsli. 
O.  robusia. 

Ilydroidea, 

Sertularia  argentea 
(on  sliells). 

Anihozoa, 

Edwardsia  farinacca 
V. 


Ophiopliolis  aculeata. 


Sertularella  tricuspl- 
data  (on  shells). 


E.  sipunculoides. 
Cerianthus  borealis  V. 


FAUNA   OF   THE   SHORES. 


The  shores  of  the  islands  and  of  Cape  Elizabeth  afford  excel- 
lent collecting  grounds  at  low-water,  owing  to  their  diversified 
character.     Many  parts  of  these  shores  are   abrupt  and  rocky, 
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and  often  formed  of  broken  and  precipitous  ledges  of  hard  meta- 
morpliic  slates  and  thin-bedded  grits,  or  altered  sandstones,  in 
some  places  passing  into  gneissosc  rocks,  and  generally  dipping 
at  a  high  angle.  Tide-pools  are  of  frequent  occurrence,  and  often 
of  large  size,  and  afford  excellent  opportunities  for  obtaining  the 
shallow-water  and  littoral  species  of  animals,  and  many  beautiful 
algae.  One  very  large  pool  on  Ram  Island  Ledges  is  especially 
rich,  and  was  visited  several  times  with  proflt.  In  this  pool  young 
lobsters  of  all  sizes  are  very  abundant  beneath  the  stones.  Two 
species  of  Chitonidae  also  occurred  here,  together  with  many  other 
species  not  usually  to  be  found  at  low-water  mark.  Hj'droids  and 
Bryozoa,  of  many  species,  are  abundant  in  this  and  other  similar 
pools.  The  shore  species  obtained  upon  the  islands  and  outer 
shores  of  the  bay  are  nearly  all  boreal  or  arctic  forms.  In  the 
harbor  of  Portland,  on  the  piles  of  the  wharves,  etc.,  a  few  more 
southern  species  are  met  with,  though  the  northern  ones  predomi- 
nate even  there. 

Several  insects  are  met  with  between  tides.  Among  these  are 
Chironomus  oceanicus^  and  the  larvae,  about  two  inches  long,  of  a 
fly,  probably  an  Eristalis,  which  live  in  small  tide-pools,  under 
stones,  and  extend  their  long  tapering  tails  up  to  the  surface ;  the 
pupae  of  a  fly  allied  to  Ephydra;  a  species  of  Bledius,  and  several 
other  beetles.  A  PhoxichUidium  and  two  or  three  species  of  mites 
were  also  collected  between  tides.  In  a  pool  of  brackish  water, 
at  high- water  mark,  among  the  ledges  of  Cape  Klizabeth,  several 
species  of  water  beetles,  the  larvae  of  a  species  of  mosquito  (C«t- 
lex)  and  other  dipterous  larvae  were  obtained.  This  pool  was  filled 
with  green  mar^pe  algae  {Enter omorpha). 

LIST   OP   SPECIES   INHABITING   THE   SHORKS    OF   CASCO    BAT, 
BETWEEN    TIDES. 

Crustacea. 


Cancer  borcalis. 
C  irroratus. 
Hippolyte  puslohi. 
H.  spina. 

Crangon  vulgaris. 
Eupa^urus  Bt^rn- 

hardus. 
E.  Kroycrl, 
Gammarus  ornatas. 


Gammarufl  mariuus. 
Ilyale  littoralis. 
Tulorchestia  megaloph- 

thalnia  Smith. 
Orchestia  agllis  Smith, 
("alliopius  la^viuscnlus. 
Amatliella  angulosa  (?) 
Pontogenia  inennis. 
Amphithoe  maculata. 


Cerapus  roijricornls. 
Corophium,  sp. 
Unciola  irrorata. 
Jaira  copiosa. 
Jdotea  irrorata. 
I.  phosphorea  Karger. 
Erkhsonia  fHiformis 

Harger. 
Balauu»  balanoldes. 


A.  A.  A.  8.    VOL.  XXII.      B. 


(24) 
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!l^pidonotussqunTnatu«.' 
IlfU'mothol^  imbricata. 
Kuaoa  (Krstedil. 
Kepiithys  caeca. 
EulaUa  pisducia  V. 
'Ett'one,  sp. 
Phyllodoce  catonnla  V. 
Lumhricoiierels  fra;;ill8 
Stcphauosyllis  ornata 

Vcrrlll. 
Autoiytus  cornutas. 


Anmlida. 

Proceraea  "rracllls  V.     [ 
Nereis  vireiis.  . 

N.  pelajjlca.  I 

Polydora,  sp. 
Anihostoma  frag^lle  V.  > 
lUiynchoboius  dibrau- 

chiatus. 
Olrratulas  ctrratus. 
Nicomache,  sp. 


Clynienella  torquata  V. 
Nutoniasius  laridas  V. 


CIstenides  rrranulatns. 
Aiiipiilirile  bruiinea  V 

(St.  sp.). 
Polycirius,  sp. 
Myxicola  Steenstrupli. 
Fabricia  Leid\l  V. 
Potamilla  ocullfera  V. 
Spliorblsborealis. 
elite  lio  irrorata  V. 
Halodrillus  Uttoralis  V 


Nemertes  virldls. 
N.  socialls. 
Borla>ia,  sp. 
Tetrastemtiia,  three  sp. 


Turbellaria, 

Cosmocephala  Stimp-  I  DInophilns  borealis. 

soiiil  V.  I  Fovia  affinls. 

Moiiotiis  spntulicauda.  Leptoplaoa  ellipsoides 
Monoctlis  agilis  ?         I 


MOLLUSCA. 


The  shore  Mollusca  are  decidedly  northern,  and  tlie  species  are 
not  very  numerous.  Among  tlie  most  characteristic  are  the  fol- 
lowing: 


Purpura  laplllus. 
Buccinum  undatum. 
Ilyanassa  obsoleta. 
Tritia  trivittata. 
Lunatia  hcros. 
Littorina  littorea. 
L.  rudia. 
L.  pal  I  lata. 
Lacuna  vincta. 
L.  iieritoidea. 
Ris*.oa  aculeus, 
Llttoriiielhi  iniuuta  St. 
Skenca  planorbis. 
Aemsea  tesiudinulis. 


Tracliydermon  ruber. 
T.  nibus. 
^olis  papillosa. 
Turjjipes  despectus. 
Deiuh'onolus  arbores- 

cens. 
Doto  coroiiata. 
Polycera  Lesisonii. 
Doris,  sp. 
Saxicava  arctica. 
My  a  arenaria. 
Teredo,  sp. 
Zirpha^a  crispata. 


Macoma  fragllis. 
Turtoiiia  minuta. 
Mytilus  edulis. 
Madiola  modiolus. 
Ascidiopsis  complana- 

tus  V. 
Amaroecium  glabruin. 
Crtsia  eburnea. 
Alcyonidiuni  hispidum 
A.  liirsutum. 
Bugula  turrita  V. 
Meiii|)raiiiporaplIosa. 
M.  liiieata. 


Slronjryloccntrotus 

Drobachlensis. 
Asterlas  vulgaris. 
A.  littoralis. 
Amelia  flavidula  (stro- 

bila). 


RADtATA. 

Obelia  geniculata. 
O.  clichotoma. 
(>ampanu1aria  flexuosa 
C.  fragllis. 

Opercularella  lacerata. 
Sertularla  pumila. 


Sertularia  argentea. 
Sertularella  rugosal 
Clavaleptostyla. 
Metric! inm  margiDaturo 
Bunodes  stella. 


Several  species  of  sponges  are  also  common  between  tides. 
On    the  sheltered  muddy  bottoms,  from  just  below  low-water 
mark,  to  the  depth  of  about  two  fathoms,  the  eel-grass,  Zostera 
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marina^  grows  In  abundance,  and  in  many  places  it  was  thickly 
covered  with  delicate  hydroids,  among  which  Obelia  dichotoma  was 
the  most  abundant.  Among  the  eel-grass  many  species  of  Crus- 
tacea, worms  and  mollusks  find  congenial  abodes,  and  furnish 
abundant  food  for  the  fishes  that  frequent  such  localities.  Some 
of  these  are  somewhat  southern  in  character. 

Among  the  Crustacea  from  the  eel-grass  were : — Hippolyte 
Gaimardi;  Crangon  vulgaris;  Mysis  stenolepis  Smith  ;  M.  Amer- 
icana Smith  ;  Calliopius  Ifjeviusculus ;  a  new  genus  with  very  large 
epimera,  allied  to  Metopa;  a  new  species  of  Munna^  a  genus  of 
isopod  Crustacea,  new  to  the  American  coast ;  Idotea  irrorata^  etc. 

From  the  piles  of  the  whai  ves  at  Portland  we  obtained  a  great 
variety  of  sponges,  hydroids,  bryozoa,  etc.  The  slender  branched 
sponge,  Chalina  omdata,  is  here  particularly  abundant  and  fine ; 
also  the  common  large  sea-anemone,  Metndium  marginatum;  a 
beautiful  Tubularian,  in  large  clusters  ;  and  the  compound  Ascidian, 
Amaroecium  glahntm  V.,  with  many  other  northern  forms.  The 
Limnoria  lignorum  was  found  in  abundance,  destroying  the  piles 
and  timbers. 

Among  the  more  interesting  littoral  species  obtained  on  the 
shores  of  Casco  Bay  a*nd  vicinity  are  Litiorina  Uttorea  and  the 
Cancer  horealis.  The  latter  is  a  large  crab  which  has  hitherto 
been  very  rare  in  all  collections,  and  but  imperfectly  known  ;  this 
we  found  in  large  numbers  on  the  ledges  at  the  northern  end  of 
Peak's  Island  and  Pumpkin  Knob,  in  tide-pools,  or  clinging  to  the 
sea-weeds  in  more  exposed  situations,  but  never  concealed  beneath 
the  rocks  with  the  Cancer  irroratus,  which  was  there  abundant. 
The  carapaces  and  claws  of  the  former  were  also  found  in  abun- 
dance at  considerable  distances  from  the  shores,  whither  they  had 
been  carried  by  the  gulls  and  crows.  Owing  to  the  exposed  situa- 
tions in  which  they  live,  they  must  fall  an  easy  prey  to  rapacious 
birds.  We  obtained  eighty-five  specimens  in  one'  morning.  The 
litiorina  Uttorea  occurs  sparingly  at  various  localities  on  the 
islands,  but  was  found  in  great  abundance  at  Scarboro,  on  the  piles 
of  a  bridge,  by  Dr.  Edw.  Palmer.  It  has  been  supposed  by  several 
writers  that  this  shell  has  been  recently  and  accidentally  intro- 
duced from  Europe  ;  but  Dr.  Dawson  informs  me  that  he  collected 
it  more  than  thirty  years  ago  in  the  Gulf  of  St.  Lawrence.  It  is 
abundant  at  Halifax,  and  we  have  other  specimens  from  Kenne- 
bunkport,  Me.,  Hampton  Beach,  N.  H.,  and  Provincetown,  Mass. 
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There  is  really  no  sufficient  evidence  that  it  was  not  an  inhabitant 
of  our  shores  before  the  advent  of  Europeans,  but  local  in  its  habi- 
tats. It  ma}'  have  become  more  diffused  in  recent  times,  by  com- 
merce, or  it  may  have  been  overlooked  formerly  by  collectors. 

KXISTKNCe   OP   SOUTH KRN   COLONIES,    AND   OTHER   EVIDENCES 
ON   FORMER   CIIANOES    OP   CLIMATE. 

One  of  the  localities,  most  interesting  zoologically,  that  we 
visited,  is  a  small  shallow  and  sheltered  cove,  at  the  upper  end  of 
Quahog  Bay,  about  thirty  miles  northeast  from  Portland.  This 
place  is  well  known  to  be  inhabited  by  the  round-clam  or  "Qua- 
hog" {Venus  mercenaria)  which  is  not  found  living  elsewhere  on 
the  coast  of  Maine,  so  far  as  known  to  me.  Indeed,  this  southern 
species  is  rare  everywhere  north  of  Cape  Cod,  on  the  New  England 
coast,  and  is  probably  not  to  be  found  living  north  of  Massachu- 
setts Bay,  except  in  the  coves  connected  with  Quahog  Bay.  It  is 
also  absent  from  the  Bay  of  Fundy,  but  reappears  in  the  southern 
and  shallow  parts  of  the  Gulf  of  St.  Lawrence.  This  anomalous 
distribution  would  be  curious,  even  if  it  happened  only  in  the  case 
of  this  one  species ;  but  our  investigation  of  this  locality  shows 
that  there  is  quite  a  number  of  other  southern  species  associated 
with  the  quahog,  which  have  the  same  remarkable  distribution, 
being  absent  along  the  rest  of  the  northern  coast  of  New  England, 
and  reappearing  in  the  Gulf  of  St.  Lawrence.  There  is,  in  fact, 
at  this  place  a  genuine  colony  of  southern  species,  completely  iso- 
lated from  their  co-species  of  the  southern  coast  of  New  England, 
and  surrounded  on  both  sides  by  more  northern  forms.  Several 
of  these  southern  species,  like  the  Venus  inercenaria^  Crepidula 
convexa^  Urosulpinx  clnerea^  Eapagurus  longicarpus^  Gammarus 
mucronalus^  Epelys  trUohus  Smith,  Nereis  limhata^  Meckelia  ingens 
Leidy,  Asten'as  arenicola^  etc.,  were  not  even  met  with  among  the 
islands  and  coves  of  Casco  Bay  ;  while  others,  such  as  Ilyatiassa 
obsoleta^  Crepidula  fornicata,  C.  plana ^  Limxdus  Polyphemus,  etc., 
occurred  more  or  less  frequently  in  the  most  sheltered  and  shallow 
waters  of  Casco  Bay,  though  they  are  not  found  on  the  more  ex- 
posed shores  of  Maine  and  New  Hampshire,  farther  to  the  south 
and  west,  but  have  their  true  homes  south  of  Cape  Cod.  Native 
oysters  also  occur,  in  a  similar  way,  farther  eastward  than  Quahog 
Bay,  near  Damariscotta,  though  it  is  not  probable  that  they  are 
indigenous  elsewhere  on  the  New  England  coast,  north  of  Cape 
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Cod, — as  they  certainly  are  not  north  of  Massachusetts  Bay, — 
yet  they  reappear  in  the  Gulf  of  St.  Lawrence,  with  the  other 
southern  forms. 

In  fact,  the  southern  part  of  the  Gulf  of  St.  Lawrence,  from  the 
Bay  of  Chaleur  to  Prince  Edward  Island  and  Cape  Breton  Island, 
is  a  region  of  shallow  water,  occupied  by  another  southern  colony, 
but  a  much  larger  one  than  that  of  Quahog  Bay,  and  containing, 
perhaps,  a  few  southern  species  that  do  not  occur  in  the  latter 
locality ;  though,  owing  to  the  fact  that  we  could  spend  but  a  few 
hours  at  this  place,  our  collection  is  doubtless  quite  incomplete. 
On  the  other  hand,  we  have,  with  the  exception  of  the  shells,  very 
imperfect  lists  of  the  southern  species  inhabiting  the  colony  in  the 
Gulf  of  St.  Lawrence,  so  that  a  complete  comparison  cannot  be 
made,  at  present,  except  with  the  shells ;  these  agree  ver}'  closely, 
according  to  the  lists  given  by  Dawson,  Bell  and  Whiteaves. 

As  the  existence  of  these  isolated  southern  colonies  has  an 
important  bearing  upon  the  question  of  former  changes  of  climate 
on  our  coast,  and  as  other  facts,  to  be  mentioned  farther  on,  are 
intimately  connected  with  them,  I  give  here  a  list  of  the  species 
obtained  by  us,  iu  the  cove  referred  to,  so  far  as  they  have  been 
identified. 


LIST  OF   SPBCIES   COLLECTED   AT  LOW-WATER   IN  A  SMALL  COVE 
AT   THE    UPPER   END    OF   QUAHOG   BAY. 

Those  with  an  asterisk  prefixed  are  decidedly  southern  species i 
belonging  properly  to  the  region  south  of  Cape  Cod. 


Cancer  irroratus. 
*Kupa<;urus  longlcarpus 
Cran<ron  vulgaris. 
♦Mysis  steiiolepis  Smith 
Gaiumarus  ornatus. 


Lepldonatus  squamatus. 
Nephthys  ingeiis. 
Kulalia,  sp. 
Autolytus  cornutus. 


*Meckelia  ingens. 
Tetrastemma  (green 
sp.). 


ARTIOULATA. 

C7'usta<:ea, 

*G.  niiicronatus. 
Amphitliog,  sp. 
♦Epelys  trilobus  Smith 
Idotea  irrorata. 
Limnorla  lignorum. 

Annelida, 

Nereis  vireiis. 
♦Nereis  limbata. 
Fabricia  Leidyl. 

Turbellaria. 

Nemertes  viridis. 
•Nemertes  socialls. 
♦Planocera,  sp. 


*Argulus,  8p.,  on  Fan- 

dulus  pisculeutus. 
.•Llinulus  Polyphemus. 
Balanus  balauoides. 


Splrorbls  boreall.s. 
♦Khynchobolus  dibran- 
ciiiatus. 


Procerodes  Wheatlandl 
♦Bdelonra  Candida  (on 
Llmulus). 
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♦Urosalpinx  ciuerea. 
Purpura  lapillus. 
♦Ilyanassa  obsoleta. 
Trltia  trlvlttata. 
Natica  heros. 


MOLLUSC  A. 

Gastropoda. 

*Crepldnla  couvexa. 
*C.  fornicata. 
♦C.  plana  (with  ova). 
Llttorlna  rudls. 
L.  palliata. 


Lacuna  vincta. 
Rissoa  aculeus. 
Llttorlnella  minuta  St, 
Acmsea  testudinalis. 


Saxicava  arcllca. 
My  a  arenaria. 
•Venus  merceoaria. 
Totteuia  gemma. 


La  mellibranch  tata . 

Macoma  rraj^ills. 
*Petricola  pholadU 
formis. 


Mytilus  edulis. 
•Modiola  plicatula. 
Anomia  aculeatA. 


Bi'yozoa, 
Alcyonidium  hispldam.  i  Alcyonidium  hirsutum. 


Veslcularia,  sp. 


Sertularia  pumila. 
S.  argeutea. 


RADIATA. 

Echinodermata, 
•Asterias  arenicola. 

Hydroidea, 

Obella  geniculata. 
Clava  lepto8tyla. 


Hydractinta  polycli^ia. 


Anthozoa. 
Metridlum  marginatum. 

Although  the  species  in  this  list,  that  are  not  marked  as  south- 
ern, have  a  continuous  range  northward  to  the  Gulf  of  St.  Law- 
rence, and  many  of  them  to  the  Arctic  Ocean,  North  Pacific,  and 
northern  Europe,  they  all  extend  as  far  south  as  Long  Island 
Sound,  and  several  of  them  even  to  North  Carolina.  Most  of  them 
are,  therefore,  northern  species  having  a  wide  distribution,  and 
their  presence  in  this  particular  locality  has  no  special  signifi- 
cance. 

In  Quahog  Bay  itself  we  found  the  bottom  composed  of  soft 
sticky  mud,  and  in  this  we  dredged,  in  four  to  six  fathoms,  a 
great  number  of  large  and  fine  specimens  of  Yoldia  Umatula^  Ma- 
coma sabulosaj  Nephthys  ingens^  and  a  number  of  other  common 
species. 
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EVIDENCES   OF  CLIMATIC   CHANGES. 

That  the  Quahog  Bay  colony  has  formerly,  and  within  the 
human  period,  been  more  extensive  than  at  present,  is  shown : 
1.  B3'  the  fact  that  the  quahogs  have  evidently  been,  at  one  time, 
more  numerous  and  more  generally  diffused  than  now,  for  their 
shells  are  abundant  in  the  mud,  in  places  where  no. living  ones 
could  be  found.  2.  By  tlie  occurrence  of  oysters,  in  great  quan- 
tities and  of  large  size,  in  the  ancient  Indian  shell-heaps  of  this 
region,  and  also  near  Damariscotta,  while  at  present  the  oysters 
are  found  only  at  the  latter  place,  and  are  few  and  small.  3.  By 
the  occurrence  of  the  shells  of  the  quahog,  of  large  size  in  the 
Indian  shell-heaps  on  many  of  the  islands  in  Casco  Bay  (these 
heaps  consisting  mainly  of  the  shells  of  the  **long  clam,"  Mya 
arenaria^  with  a  few  bones  of  fishes,  birds  and  mammals). 

That  at  a  more  remote  period,  the  marine  climate  of  this  region 
was  still  warmer,^  and  the  southern  species  were  more  abundant 
than  during  the  period  when  the  Indian  shell-heaps  were  formed, 
is  shown  by  the  occurrence  of  great  beds  of  oyster  shells  a  few 
feet  beneath  the  mud  in  Portland  Harbor,  where  they  are  associ- 
ated with  quahogs  and  several  other  southern  species,  among 
which  are  CcUlista  convexa,  Turbonilla  interrupta,  aud  Pectenirra' 
diana.  The  latter  is  not  known  to  live,  at  present,  north  of  Cape 
Ann,  on  the  New  England  coast.  It  is  absent,  apparently,  from 
the  colony  in  the  Gulf  of  St.  Lawrence,  as  well  as  from  that  of 
Quahog  Bay.     It  is  very  rare  north  of  Cape  Cod.^ 

The  Callista  convexa  is  still  found  8paringl>^  in  shallow,  shel- 
tered localities  in  Casco  Bay,  and  rarely  at  Eastport,  Me.,  but 
it  is  more  common  in  the  colony  of  the  Gulf  of  St.  Lawrence, 
and  very  common  south  of  Cape  Cod.  But  the  oysters  {Ostrea 
Virginiand)  and  "scollops"  {Pecten  irradians)  had  apparently 
become  extinct  in  the  vicinity  of  Portland  Harbor  before  the 
period  of  the  Indian  shell-heaps,  for  neither  of  these  species  occurs 
in  the  heaps  on  the  adjacent  islands,  while  the  quahogs  lingered 
on  until  that  time,  but  have  subsequently  died  out  everywhere 

^he  evidence  here  givea  is  properly  applicable  nhiefly  to  the  temperature  of  the 
warmer  months,  or  more  properly  to  the  reproductive  season  of  the  mollusks  referred 
to,  for  the  climatic  distribution  of  moet  marine  animals  eeems  to  depend  mainly  on  the 
temperature  of  the  season  at  which  reproduction  takes  place. 

>>  Willis  includes  this  species  in  his  nominal  list  of  Nova  Scotia  {Shells,  but  without 
mentioning  the  special  locality.  It  may,  perhaps,  occur  in  some  of  the  sheltered  local- 
ities near  Halifax,  where  another  southern  colony  exists. 
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in  tills  region,  except  at  Quabog  Bay.  The  oysters  have  survived 
only  in  the  locality  near  Damariscotta,  though  far  less  abundant 
there  than  during  the  Indian  period. 

The  beds  of  dead  shells  of  oysters,  Pec/eiw,  etc.,  were  found 
in  making  excavations  in  the  harbor  with  mud-digging  machines. 
These  beds  extend  up  to  or  above  low-water  mark,  and  are  of 
great  extent.  Mr.  C.  B.  Fuller,  who  has  made  a  good  collection 
of  these  shells  for  the  Portland  Natural  History  Society,  informs 
me  that  the  farmers  have,  in  some  instances,  found  it  profitable 
t^  cart  away  these  ancient  shells  for  fertilizing  purposes.  The 
position  of  these  beds  indicates  that  no  important  change  in  the 
relative  level  of  the  land  and  water  can  have  occurred  in  that 
region  since  they  were  formed.  These  beds  are,  of  course,  easily 
distinguished  from  the  much  more  ancient  Quaternarj'  deposits 
that  occur  abundantly  in  the  same  region,  but  extend  back  several 
miles  from  the  coast,  and  occur  at  all  levels,  from  low-water  mark 
to  about  200  feet  above  high-water  mark.  The  latter  are  char- 
acterized in  that  region,  by  a  more  arctic  assemblage  of  shells 
than  that  now  inhabiting  the  adjacent  waters,  though  most  of  the 
species  still  survive,  in  deep  water  off  the  coast  of  Maine. 

The  facts  above  presented  indicate:  1.  That  in  the  Post-plio- 
cene or  Cham  plain  period  the  coast  was  at  a  lower  level,  and 
the  marine  climate  of  Casco  Bay  was  colder  than  at  present, 
probably  about  like  that  of  the  present  Newfoundland  and  Labra- 
dor coasts.  2.  That  at  a  subsequent  period,  when  the  coast  had 
attained  nearly  or  quite  its  present  level,  the  marine  temperature 
was  considerably  higher  than  at  present.  3.  That  the  temperature 
of  these  waters  has  gradually  declined,  but  was  still  somewhat 
higher  at  the  period  when  the  Indian  shell- heaps  were  formed  than 
at  present. 

That  the  existence  and  character  of  the  southern  colony  in 
the  Gulf  of  Saint  Lawrence  point  to  the  same  conclusion  is  suffi- 
ciently obvious.  The  survival  of  the  southern  species  in  that 
region  is  undoubtedly  due  to  the  great  expanse  of  shallow  water 
in  that  part  of  the  gulf,  which  becomes  well  warmed  up  by  the 
heat  of  the  sun,  in  summer;  and  to  the  absence  of  tides  suffi- 
ciently powerful  to  mix  up  thoroughly  the  very  cold  waters  of  the 
northern  and  deeper  portions  of  the  gulf  with  the  warm  waters  of 
the  southern  part.  Tides  like  those  of  the  Bay  of  Fundy  and 
coast  of  Maine  would  undoubtedly  diminish  at  once  this  contrast 
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in  the  temperature  of  the  different  parts  of  the  gulf,  and  greatly 
lessen  the  temperature  of  the  southern  part,  by  reason  of  the  far 
greater  volume  of  the  cold  water. 

The  origin  of  the  southern  species  in  the  Gulf  is  a  totally 
different  matter.  I  can  explain  their  presence  there  in  no  other 
way  tlian  to  suppose  that  they  are  survivors  from  a  time  when 
the  marine  climate  of  the  wiiole  coast,  from  Cape  Cod  to  Nova 
Scotia  and  the  Bay  of  Fundy,  was  warmer  than  at  present,  and 
these  species  had  a  continuous  range  from  southern  New  Eng- 
land to  the  Gulf  of  St.  Lawrence.  At  that  time  there  may  have 
been  a  direct  shallow  passage  from  the  Baj*^  of  Fundy  across  to 
the  Gulf  of  St.  Lawrence,  for  the  land  is  there  narrow  and  low  :  but 
of  this  we  have  no  direct  evidence.  A  deep  channel  there  would 
act  like  the  Straits  of  Belle  Isle,  and  admit  the  cold  arctic  cur- 
rent to  the  coast  of  Maine  ;  this  may  have  been  the  case  in  Quater- 
nary times. 

The  causes  of  such  changes  in  the  temperature  of  the  water  may 
have  been  entirely  local,  and  due  to  changes  in  the  relative  level 
of  the  land  and  water,  in  adjacent  regions.  Thus  a  rise  of  the 
land  in  the  region  of  Saint  George's  Bank,  to  the  extent  of  250 
feet,  would  produce  an  island  quite  as  large  as  the  State  of 
Massachusetts,  and  would  thus  very  materially  alter  the  climatic 
con<litions  of  the  "  Gulf  of  Maine,"  between  it  and  the  New 
England  coast.  And  it  would  add  a  great  body  of  land  now 
represented  by  Le  Have  Bank,  etc.,  to  the  southern  part  of  Nova 
Scotia,  and  thus  greatly  narrow  the  channel  between  those  banks 
and  St.  George's,  as  well  as  make  it  more  shallow ;  this  would 
doubtless  greatly  modify  the  tides,  and  greatly  diminish  their 
force  and  height  on  the  northern  coasts  of  New  England,  and  in 
the  Bay  of  Fundy,  for  the  "  Gulf  of  Maine  "  would  then  have 
much  resemblance  to  the  Gulf  of  Saint  Lawrence  in  form  and  in 
the  character  and  position  of  its  main  channel,  and,  therefore, 
its  tides  would  also  be  similar ;  the  small  tides  would  allow  greater 
differences  between  the  temperatures  of  the  shallow  waters  and 
deep  waters,  and  would  thus  favor  the  southern  species  inhabiting 
shallow  water.  A  rise  of  the  land,  of  about  the  same  amount,  in 
the  region  of  Newfoundland,  would  lay  bare  a  great  part  of  the 
Grand  Banks,  close  up  the  Straits  of  Belle  Isle,  and  more  than 
double  the  size  of  Newfoundland,  which  would  doubtless  produce 
great  climatic  changes  on  the  New  England  coast,  as  Professor 
Dana  has  suggested. 
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FOOD  OF    FISHES. 

The  stomachs  of  a  large  number  of  fishes  of  various  kinds,  re- 
cently caught  in  many  different  localities,  have  been  examined  by 
us,  during  this  and  previous  seasons,  in  order  to  ascertain  the 
precise  nature  of  their  food. 

In  this  way  a  great  amount  of  valuable  information  has  already 
been  accumulated.  This  subject  is  not,  however,  by  any  means 
exhausted,  for  since  fishes  do  not  feed  upon  the  same  food,  in 
different  places  and  at  all  seasons,  it  will  be  necessary  to  greatly 
multiply  these  observations  in  many  different  localities,  in  order 
to  understand  properly  the  character  of  their  food.  The  task  of 
identifying  the  various  soft-bodied  creatures,  taken  from  the 
stomachs  in  a  more  or  less  digested  condition,  is  by  no  means  an 
easy  one.  Such  contents  can  be  best  preserved  for  final  exami- 
nation by  placing  them  at  once  in  strong  alcohol.  The  stomach 
should  be  opened  as  soon  as  possible  after  the  fish  is  caught,  for 
digestion  goes  on  very  rapidly,  even  after  the  death  of  the  fish. 
Special  attention  has  been  paid  to  the  food  of  the  cod,  haddock 
and  mackerel  this  season. 

DESCRIPTIONS  OF   SOME  OF   THE  NEW,  OR   RECENTLY  DESCRIBED 
SPECIES,  FOUND  IN  CASCO  BAY. 

ANNELIDA. 

Enipo  gracilis  Verrill.     (Plate  5,  figure  3.) 

American  Journal  of  Science,  vol.  vii,  p.  407,  1874. 

Body  long  and  slender,  quite  narrow,  tiie  anterior  part  of  the 
back  only  partially  covered  by  small  oval,  smooth,  translucent 
scales.  Head  rather  elongated,  tapering  ;  eyes  four,  conspicuous. 
Setse  of  the  lower  rami  stout,  with  the  terminal  portion  broad, 
short  cuspidate,  and  armed  with  oblique  rows  of  strong,  sharp, 
ascending,  unequal  spines ;  tips  naked,  acute,  curved,  the  lower 
ones  most  so.     Length  50'""*  to  60™™ ;  breadth  3™™  to  4™". 

Casco  Bay,  15  to  20  fathoms;  Jeffrey's  Bank,  80  fathoms. 

Stephanosyllis  ornata  V.     (Plate  4,  figure  1.) 
American  Journal  of  Science,  vol.  vii,  p.  132,  Feb.,  1874. 
Body  moderately  slender,  thickest    near    the  middle,  tapering 
slightly  anteriorly,  and    rapidly  posteriorly,  the  caudal    portion 
acuminate,  with  two  slender  caudal  cirri.     Antennae  and  tentac- 
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ular-cirri  long,  slender,  and  tapering,  slightly  and  irregularly  an- 
nulatcd,  or  transversely  wrinkled  ;  median  antenna  longest,  reach, 
ing  back  to  about  the  tenth  segment ;  lateral  antennae  about  equal 
to  the  upper  tentacular  cirrus,  or  reaching  to  about  the  sixth  body- 
segment  ;  lower  cirrus  about  half  as  long ;  dorsal  cirrus  of  the 
second  segment  very  long  and  slender,  equalling  or  exceeding  the 
median  antenna  ;  dorsal  cirri  of  the  third  segment  as  long  as  those 
of  the  first,  or  longer,  more  than  twice  the  diameter  of  the  body ; 
those  of  the  fourth  segment  less  than  half  as  long ;  those  farther 
back  unequal  in  length.  Head  rounded  in  front  and  behind,  broad, 
the  anterior  pair  of  eyes  larger  and  wider  apart  than  the  posterior 
ones ;  ''epaulets"  conspicuous,  lanceolate,  extending  back  to  the 
fourth  segment.  Color,  in  life,  pale  green,  especially  beneath  and 
on  the  sides  above  ;  back,  bright  orange-red,  with  transverse  lines 
of  green  at  the  articulations ;  setigerous  lobes  whitish ;  lateral 
cirri  pale  greenish  white ;  antennse  and  tentacular-cirri  pale  sal- 
mon, often  tipped  with  pink  ;  epaulets  orange,  centred  with  green, 
and  bordered  by  a  line  of  white,  and  with  a  red  line  along  the 
edge;  head  pale  yellow;  eyes  black.  Length,  12°"°;  breadth, 
0.75"". 

Casco  Bay,  6  to  20  fathoms,  8ton\' ;  and  in  tide-pools  at  low- 
water. 

Proceroea  gracilis  V.  (Plate  3,  figure  2.) 
American  Journal  of  Science,  vol.  vit,  p.  132,  1874. 
Body  very  slender,  elongated.  Head  subcordate,  longer  than 
broad,  rounded  in  front,  posteriorly  extending  back  in  two  short* 
rounded  lobes,  not  reaching  beyond  the  buccal  segment;  anterior 
eyes  considerably  fartH^er  apart  than  the  posterior  ones.  Anten- 
na; and  upper  cirri  of  the  first  two  segments  very  long  and  slen- 
der, faintly  annulated  ;  the  median  antenna  is  very  much  elongated, 
considerably  longer  than  the  lateral  ones,  and  about  equal  to  the 
dorsal  cirri  of  the  second  segment ;  the  lateral  antennae  are  about 
as  long  as  the  upper  tentacular-cirri,  or  about  five  times  the  diam- 
eter of  the  body ;  the  dorsal  cirri  of  the  third  segment  are  about 
twice  as  long  as  the  diameter  of  the  body ;  the  cirri  on  the  suc- 
ceeding segments  are  about  half  as  long  as  the  breadth  of  the 
body.  Color,  in  life,  pale  greenish,  with  a  narrow  median  dorsal 
line  of  dark  brown,  and  a  less  distinct  one  on  each  side,  at  the  base 
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of  the   lateral   appendages ;    e3'e8  black.     Length,   about  25™" ; 
breadth,  1"",  or  less. 

Casco  Bay,  10  to  20  fathoms ;  and  in  tide-pools. 

Eulalfa  pistacia  Verrill.     (Plate  4,  figure  2.) 

First  Report  of  the  Commissioner  of  Fish  and  Fisheries,  p.  584. 

Body  moderately  slender,  depressed.  Head  convex,  shorter 
than  broad;  in  preserved  specimens,  sides  well  rounded,  posterior 
margin  slightly  emarginate ;  median  odd  antenna  small,  slender, 
considerably  shorter  tlian  the  head.  Eyes  large,  brown.  Tentac- 
ular cirri  moderately  long ;  the  four  posterior  ones  considerably 
longer  than  the  others.  BranchiaB  narrow  lanceolate  anteriorl3' ; 
ovate  and  leaf-like  on  the  middle  segments ;  longer  and  lanceolate 
posteriorly.  Proboscis  long,  more  or  less  clavate,  smooth,  but 
often  showing  longitudinal  striations,  and  sometimes  with  a  few 
very  minute  scattered  papillse  toward  the  end ;  the  orifice  sur- 
rounded by  a  circle  of  numerous  minute  papillae.  Color  bright 
3'ellowish  green  (epidote-green  or  pistachio-green),  often  with 
obscure  darker  markings  posteriorly,  and  at  the  base  of  the  ap- 
pendages.    Length  up  to  40'"*"  ;  breadth,  1-5"°. 

Vineyard  Sound,  6  to  12  fathoms,  among  compound  ascidians ; 
off  New  Haven,  4  to  5  fathoms,  among  hydroids ;  Casco  Ba}*,  8 
to  20  fathoms. 

Phyllodoce  catenula  Verrill.     (Plate  3,  figure  1.) 

Op.  cit.,  p.  587. 
•  Head  somewhat  longer  than  broad,  slightly  cordate  posteriorly, 
with  the  posterior  angles  well  rounded,  and  the  sides  full  and 
convex  ;  front  broadly  rounded,  and  with  a  slight  emargination 
in  the  middle.  Eyes  large,  dark  brown,  placed  on  the  dorsal  sur- 
face of  the  head  ;  antennae  rather  long,  slender-  Tentacular  cirri 
long  and  slender,  the  two  posterior  much  longer  than  the  others. 
Branchiae  of  anterior  segments  broad  ovate,  with  rounded  tips ; 
farther  back  larger  and  longer,  ovate,  leaf-like,  with  acuminate 
tips.  Proboscis  with  twelve  rows  of  papillae  on  the  basal  portion, 
which  are  prominent,  somewhat  elongated,  obtuse,  seven  or  eight 
in  the  lateral  rows,  those  in  each  row  close  together.  Color  of 
body  and  branchise  pale  green,  with  a  median  dorsal  row  of  dark 
brown  spots,  one  to  each  segment ;  and  two  lateral  rows,  in  which 
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there  is  a  spot  at  the  base  of  each  "foot;"  head  pale,  or  greenish 
white.  Length  up  to  75™";  breadth  about  1*5"°*. 
•  Watch  Hill,  Rhode  Island,  in  4  to  6  fathoms,  among  rocks  and 
algae,  and  in  tide-pools ;  Wood's  Hole,  at  surface,  evening,  July 
3.  Casco  Bay,  8  to  30  fathoms ;  very  common  in  the  Bay  of 
Fund}^  from  low- water  to  50  fathoms. 

This  species  is  closely  allied  to  P,  piilcJiella  Malmgren,  from 
northern  Europe,  but  differs  somewhat  in  the  form  of  the  head, 
which  is  shorter  and  rounder  iu  the  latter;  the  branchise  also  dif- 
fer in  form.  It  is  a  very  active  species,  and  secretes  a  large  quan- 
tity of  mucus. 

Notliria  opalina  Verrill.  (Plate  4,  figure  4.) 
American  Journal  of  Science,  vol.  v,  p.  102,  1873. 
Body  long  and  slender,  narrowed  anteriorh',  much  depressed 
and  of  nearly  uniform  width  throughout  most  of  its  length ;  the 
five  anterior  segments  much  longer  than  the  others.  Palpi  infe- 
rior, rather  large,  hemispherical ;  antennie  small,  ovate,  close 
together,  on  the  front  of  head.  Three  central  tentacles  very 
long  and  slender,  tapering,  acute,  the  basal  portion  regularly 
annulated  and  thickened  for  a  considerable  distance,  beyond 
which  the  surface  is  smooth,  with  an  occasional  distant  annula- 
tion  ;  the  central  odd  one  is  somewhat  shorter  and  more  slender 
than  the  two  adjacent  ones,  which  reach  to  or  beyond  the  10th 
segment;  outer  pair  much  shorter,  being  less  than  half  the  length 
of  the  central  ones.  Tentacular  cirri  small  and  very  slender. 
Lateral  appendages  or  '*  feet"  of  the  first  six  setigerous  segments 
similar  in  structure  but  more  prominent  than  the  following  ones, 
from  which  the}'  also  differ  in  having  the  ventral  cirrus  well-devel- 
oped, long  and  tapering,  but  shorter  and  thicker  on  the  first  seg- 
ment than  on  the  five  following.  Those  of  the  first  pair  have  a 
stout  stalk,  which  terminates  in  a  small,  bhtntly  rounded  setigerous 
lobe,  with  a  long,  slender,  subterminal  cirrus- 1  ike  lobe  above, 
longer  than  the  stalk ;  dorsal  cirrus  arising  from  near  the  base, 
longer  and  more  slender  than  the  terminal  cirrus ,  branchial  fila- 
ment simple,  long  and  very  slender,  about  equalling  the  dorsal 
cirrus  and  united  to  it  above  its  base  ;  ventral  cirrus  ovate,  taper- 
ing, blunt,  arising  from  near  the  base.  The  second  pair  of  feet 
are  similar  to  those  of  the  first,  except  that  in  the  largest  speci- 
mens there  are  two  branchial   filaments,  and  the  ventral  cirrus  is 
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longer  and  more  slender.  The  2d,  4th,  5th,  and  6th  pairs  have 
essentially  the  same  structure,  but  the  ventral  cirrus  becomes  grad- 
ually longer  to  the  6t.h,  where  it  is  longer  than  the  stalk  and  nearly 
equal  to  the  terminal  cirrus.  The  succeeding  feet  are  much  shorter  ; 
the  ventral  cirrus  is  a  mere  conical  papilla,  which  soon  disappears  ; 
the  terminal  cirriform  lobe  becomes  smaller  and  disappears  after  the 
10th  pair ;  the  branchial  filament  becomes  larger  and  longer  to  the 
middle  region,  where  it  exceeds  in  length  half  the  diameter  of 
the  body,  while  the  dorsal  cirrus  at  the  same  time  becomes  smaller 
and  shorter,  until  it  is  less  than  one-fourth  the  length  of  the 
branchia. 

The  setae  of  the  anterior  feet  consist  of  slender,  acutely  pointed 
curved  ones,  mixed  with  much  stouter,  blunt-pointed  compound 
ones ;  farther  back  there  are  two  fascicles  of  more  slender  acute 
setffi,  and  in  the  lower  bundles  a  few  long,  stout,  bidentate  hooks, 
with  a  thin,  rounded,  terminal  expansion. 

Color,  in  alcohol,  pale  yellowish  white,  but  everywhere  very 
brilliantly  iridescent  with  opaline  lustre  and  ccilors. 

Length,  3  to  5  inches ;  diameter,  '10  to  -15  of  an  inch  (2-5™"  to 

Near  St.  George*s  Bank  in  110  and  150  fathoms,  common  ;  off 
Casco  Bay,  30  to  94  fathoms,  common ;  Jeffrey's  Bank,  79  to  105 
fathoms.  Abundant  at  all  the  localities,  on  mudd}*  bottoms,  in 
deep  water,  in  the  Gulf  of  Maine. 

The  name  "Nothria"  was  substituted  for  Northia  (Johnston)  by 
Malmgren  for  reasons  that  are  scarcely  sufficient.  The  latter 
name  was,  however,  previously  in  use  for  a  genus  of  shells  (Gray's 
1847),  and  must  be  rejected  on  that  account. 

Nino'e  ni gripes  Verrill.     (Plate  3,  figure  5.) 

First  Report  of  Commissioner  of  Fish  and  Fisheries,  p.  595. 

Body  elongated,  slender,  broadest  a  short  distance  behind  the 
head,  at  the  middle  of  the  branchiferous  segments.  Head  de- 
pressed, elongated,  conical,  blunt  at  end,  about  twice  as  long  as 
broad.  The  branchiae  are  represented  on  the  first  two  setigerous 
segments  by  a  short,  flattened  lobe,  arising  from  the  outer  and 
posterior  face  of  the  setigerous  lobe.  On  the  two  following  seg- 
ments the  lobe  is  divided  into  two  or  three  parts ;  on  the  fifth 
there  are  usually  three,  more  elongated,  round,  and  more  slender 
branchiiB,  which  increase  in  number  and  length  on  the  succeeding 
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segments  until  there  are  five,  six,  or  more  long,  slender  branchial 
filaments,  which  arise  from  the  posterior  face  of  the  setigerous 
lobe,  and  diverge,  forming  a  somewhat  fan-shaped  or  digitate 
group  ;  at  about  the  twenty-fourth  segment  the  number  rapidly  di- 
minishes, and  after  the  twenty- seventh  or  twenty-eighth  there  re- 
mains but  one  small  branchial  process.  The  setigerous  lobe  is 
prominent,  obtuse,  turned  forward.  The  setae  are  numerous  on 
the  branchial  segments,  and  rather  long,  of  various  shapes,  but 
mostly  bent,  with  an  acute  lanceolate  point ;  posteriorly  they  are 
shorter  and  fewer,  and  mostly  slender,  margined  uncini,  with  hooks 
at  the  spatulate  end.  Body  flesh-color  ;  the  setae  dark,  often  black- 
ish ;  branchiae  bright  red.  Length  of  broken  specimens,  20"°*  to 
50mni .  breadth  anteriorly,  2""'»  to  3"«». 

Vineyard  Sound  and  Buzzard's  Bay,  and  waters  outside,  in 
8  to  29  fathoms,  mud  ;  Casco  Bay,  10  to  68  fathoms ;  off  the  coast 
of  Maine,  at  various  depths  to  107  fathoms. 

Lumhriconereis  obtusa  Verrill,  sp.  nov. 

Body  slender,  terete,  tapering  posteriorly,  strongly  annulated. 
Head  nearly  as  broad  as  the  bod}',  obtusely  rounded  at  the  end. 
Lateral  appendages  prominent,  bilobcd,  the  posterior  lobe  longer 
and  tapered  ;  the  anterior  one  is  short  and  obtusely  rounded. 
Near  the  posterior  end  the  appendages  are  longer  than  the  rest. 
The  first  twelve  to  fourteen  segments  bear  fascicles  of  rather  long 
setae  of  three  forms ;  those  of  the  first  three  being  shorter  and 
less  developed ;  on  the  fourth  to  twelfth  segments  the  fascicles 
contain  four  to  six  setae,  of  which  the  two  or  three  upper  ones 
are  three  or  four  times  as  long  as  the  appendages,  long,  lance- 
olate, bent  and  flattened  in  the  middle,  with  a  long  tapering  tip ; 
two  are  long  slender  uncini,  narrowly  margined  and  bent  toward 
the  end ;  and  one  is  long  and  slender,  with  a  very  slender  seti- 
form  tip.  From  about  the  fourteenth  to  about  the  t wen t\'- fourth 
segment,  the  fascicles  consist  of  one  long  slender  seta,  with  two 
or  three  uncini,  which  are  shorter  and  have  more  broadly  margined 
tips  than  those  of  the  preceding  segments.  On  the  succeeding 
segments  the  slender  setae  disappear  and  two  or  three  uncini  re- 
main, similar  to  the  preceding  ones,  but  gradually  decrease  in 
length  posteriorly.  Color  of  skin  bright  light  green,  the  interior 
bright  orange-red,  showing  through  the  integument.  Length  about 
1  inch ;  diameter  -03  of  an  inch  (-TS""™). 

Casco  Bay,  3  to  10  fathoms,  muddy  and  sandy  bottoms. 
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Anthosfoma  acutum  Verrill. 

Op.  cit.,  p.  599. 

Body  long  and  quite  slender,  tapering  most  toward  the  hea<l, 
and  very  gradually  posteriorly.  Head  very  acutely  pointed,  with 
two  rather  indistinct  reddish  spots  above,  resembling  imperfect 
ocelli.  The  branchiae  commence  at  the  eleventh  setigeroiis  seg- 
ment as  small  dorsal  papillae,  and  become  prominent  on  the  thir- 
teenth ;  on  the  succeeding  segments  they  become  long  and  ligulate. 
Anteriorly  the  feet  are  re[)rescnted  by  an  upper  ramus,  consisting 
of  a  very  small  tuft  of  setce,  with  a  very  small  papilliform  lobe 
above  it ;  and  a  lower  ramus,  consisting  of  a  small  prominent 
papilla,  with  a  fascicle  of  slender  setae,  much  larger  than  the  up- 
per one.  On  the  fourteenth  and  succeeding  segments  the  dorsal 
cirrus  of  the  upper  ramus  becomes  longer,  more  slender  and  ligu- 
late. On  the  fifteenth  segment  a  small,  short,  ronnded  ventral 
cirrus  appears  on  the  lower  ramus,  and  farther  back  it  becomes 
larger  and  more  prominent,  and  the  setigcrous  lobe  becomes  bi- 
lobed.  Anal  segment  rounded,  obtuse;  cirri  long  and  slender. 
Color  light  red.     Length  up  to  40"™  ;  diameter,  2-5"™. 

Off  Gay  Head,  19  fathoms,  soft  mud  ;  also  from  the  deeper  parts 
of  Vineyard  Sound  ;  Casco  Bay,  8  to  30  fathoms. 

Praxilla  zonal  is  Verrill.     (Plate  6,  fig.  4.) 

American  Journal  of  Science,  vol.  vii,  p.  505,  plate  vi,  fig.  2, 
May,  1874. 

Body  composed  of  about  twenty-five  segments,  exclusive  of  the 
cephalic  and  anal;  of  these  twenty-two  bear  fascicles  of  setae ; 
two  ante-anal  segments  are  destitute  of  setae,  and  each  of  these 
is  more  or  less  distinctly  biannulated,  so  as  often  to  appear  like 
three  or  four  distinct  segments.  Cephalic  lobe  with  a  rather  low 
and  broad  median  ridge,  prolonged  in  front  of  head  ;  the  end  de- 
pressed, tapering,  obtuse;  narrow,  lateral,  parallel  fossae  bound 
the  median  ridge  ;  the  head  is  bordered  by  a  thin  moderately  ele- 
vated fold,  continuous  on  each  side,  or  with  a  very  slight,  scarcely 
<listinct  notch,  behind  the  middle;  a  slight  posterior  notch,  where 
the  two  lateral  lobes  unite. 

The  first  three  setigerous  segments  are,  in  ordinary  states  of  con- 
traction, about  equal  in  length,  rather  longer  than  broad,  tapering 
backward  ;  the  next  four  are  nearly  cylindrical,  biannulated,  in  pre- 
served specimens  often  as  broad  as  long,  more  elongated  when 
living ;  the   seven   succeeding  ones   are   more   elongated,  nearly 
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cylindiical,  and  all  similar;  the  following  ones  become  smaller, 
more  elongated,  and  more  or  less  constricted  anteriorly ;  the  last 
two  setigerous  ones  are  shorter  than  those  that  precede  them. 
Tlie  first  three  setigerous  segments  bear  an  upper  fascicle  of  slen- 
der setae,  and  a  single  small,  spine-like  seta  below,  on  each  side; 
the  succeeding  segments  bear  a  larger  upper  fascicle  of  slender 
setflB,  and  a  row  of  numerous  uncini  below.  Anal  segment  more 
or  less  funnel-shaped  according  to  the  state  of  expansion,  bor- 
dered by  a  circle  of  sixteen  to  twenty  slender,  subequal  papillfle, 
with  one  on  the  ventral  side  longer,  and  sometimes  nearly  twice 
as  long  as  the  rest ;  occasionally  smaller  papillae  alternate  irreg- 
ularly with  the  larger  ones,  and  the  ventral  papilla  may  be  but 
little  longer  than  the  rest.  Color,  generally  light  orange-yellow, 
slightl}^  iridescent  anteriorly,  and  with  bright  red  vessels;  an  ill- 
defined  band  of  dark  red  covers  the  fourth,  and  the  posterior  part 
of  the  third  segment ;  more  clearly  defined  bands  of  bright  red 
occupy  the  posterior  half  of  the  fifth,  sixth  and  seventh  segments, 
the  last  being  twice  as  broad  as  the  two  preceding ;  posterior  to 
this  the  surface  is  more  or  less  specked  with  red,  and  the  convo- 
luted bright  red  dorsal  vessel  is  very  distinct;  uncigerous  lobes 
pale  yellow,  centred  with  j^ellowish  brown  or  reddish  brown.  The 
eggs  are  pale  yellow,  regularly  oval  or  elliptical.  They  were  dis- 
charged July  29th.  Length  about  two  inches,  or  50™™  ;  diameter 
about  1-25™™. 

Casco  Bay,  8  to  20  fathoms,  sandy  and  muddy  bottoms. 

Ancistria  capillaris  Verrill,  sp.  nov. 

Body  long,  very  slender,  terete,  thickest  anteriorly,  composed 
of  numerous  segments.  Head  small,  sub-conical,  composed  of 
two  segments,  depressed,  the  tip  bluntly  rounded  and  slightly 
turned  up.  A  small  proboscis  is  sometimes  protruded  forward 
from  the  mouth.  The  first  four  segments  bear  fascicles  of  several 
slender,  acute,  curved  setse,  above  and  below ;  the  succeeding 
ones  bear  transverse  fascicles  of  elongated  uncini,  broadly  mar- 
gined on  each  side ;  farther  back  these  become  shorter  and  less 
distinct.  . 

Body  flesh-color,  with  red  markings  due  to  the  circulating  fluid. 
Diameter  0-25™™  to  0*50™™  (-01  to  -02  of  an  inch). 

The  tubes  are  long,  capillar}-,  unattached,  tough,  flexible,  cov- 
ered with  firmly  adhering  grains  of  fine  sand. 

A.  A,  A.  8.  VOL.  XXIL      B.         (25) 
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Casco  Bay  and  off  tlie  coast  of  Maine,  in  30  to  150  fathoms; 
abundant  on  muddy  bottoms. 

AncistHa  acuta  Verrill. 

American  Journ.  Science,  vol.  vii,  p.  505,  plate  vi,  fig.  3,  May, 
1874. 

Body  elongated,  terete,  slender,  but  stouter  than  the  preceding, 
thickest  anteriorly,  composed  of  numerous  short,  distinct  segments, 
of  which  the  anterior  ones  are  biannulated.  Head  conical,  acute. 
The  seven  anterior  segments  bear  fascicles  of  several  long,  slender, 
acute,  bent  setae,  both  above  and  below.  The  succeeding  segments 
bear  fascicles  of  elongated  uncini.  Diameter  of  body,  0-5"™  to 
nearly  1*"". 

Broad  Sound,  Casco  Bay,  15  to  20  fathoms. 

Areniella  Verrill,  gen.  nov. 
Head  acute,  conical,  mouth  beneath.  Body  slender,  terete, 
composed  of  numerous  similar  segments,  without  any  marked  di- 
vision into  distinct  regions.  The  upper  fascicles  on  all  the  seg- 
ments contain  slender,  acute,  bent  setae,  usually  mingled  with 
some  of  different  forms  anteriorly.  The  lower  fascicles  contain 
shorter,  mostly  simple  setae  anteriorly,  and  bidentate  uncini  farther 
back. 

Areniella  Jiliformis  Verrill,  sp.  nov. 

Bo<ly  long,  slender,  filiform,  terete,  of  nearly  uniform  width, 
but  sometimes  thicker  anteriorly,  composed  of  numerous  biannu- 
lated segments.  Head  small,  acute.  Mouth,  crescent-shaped, 
bordered  posteriorly  by  the  swollen  buccal  segment.  The  first 
seven  segments  bear  three  or  four  short,  stout,  obtuse  setae  in  the 
lower  fascicles ;  in  the  upper  fascicles,  much  longer  and  acute 
setse,  shortest  and  fewest  in  the  anterior  segments;  part  of  these 
are  long",  slender,  curved  and  tapering  toward  the  tip,  about  one- 
third  as  long  as  the  diameter  of  the  body ;  and  others  are 
stouter,  and  only  about  half  as  long,  spine-like,  bent  and  mostly 
acute  at  tips,  but  sometimes  bidentate;  these  are  usually  the 
lowest  in  each  fascicle,  but  sometimes  alternate  with  the  longer 
ones.  The  eighth  setigerous,  and  many  succeeding  segments,  have 
upper  fascicles  nearly  like  those  of  the  preceding  ones,  but  with 
longer  and  more  numerous  setae ;  the  lower  fascicles  mostly  con- 
sist each  of  two  elongated,  curved,  obtuse,  bidentate  uncini.     Pos- 
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teriorly  the  setae  of  the  upper  fascicles  become  much  longer  and 
more  slender,  often  exceeding  tiie  diameter  of  the  body,  and  the 
fascicles  are  larger.     Diameter  about  .01  of  an  inch  (-25"™). 
Casco  Bay  ;  20  to  40  fathoms,  mud. 

Grymcea  spiralis  Verrill.     (Plate  5,  figure  5.) 

American  Journal  of  Science,  vol.  vii,  p.  407,  fig.  1,  and  plate  5, 
fig.  4,  April,  1874. 

Body  long  and  slender,  spirally  coiled,  composed  of  over  150 
segments,  of  which  about  120  bear  fascicles  of  slender  setse. 
Branchiae  long  filiform,  two  or  three  times  the  diameter  of  body, 
arising  in  three  clusters  on  each  side,  easil}"  detached  and  often  par- 
tially absent.  Setse  on  the  first  six  or  seven  segments  a  little  longer 
than  the  following  ones.  General  color  dark  red.  Tube  composed 
of  firmly  cemented  mud  and  sand,  coiled  in  a  double  spiral,  the 
two  halves  revolving  in  opposite  directions. 

Off  Casco  Bay,  in  90  fathoms,  mud  ;  oflT  Grand  Menan  I.,  60 
fathoms  ;  Jeffrey's  Bank,  80  fathoms. 

Gephtrka. 

Phascolosoma  boreale  Keferstein  (?),  Beitrage  zur  Anat.  und 
syst.  Kentniss  der  Sipunculiden,  p.  206. 

This  species  is  rather  short  and  thick,  obtuse  posteriorly,  nearly 
smooth  to  the  naked  eye,  and  destitute  of  both  hooks  and  distinct 
suckers,  but  the  skin  is  minutely  wrinkled  transversely,  and  cov- 
ered with  almost  microscopic  slender  papillae,  and  is  minutely 
specked  with  dirty  yellowish-brown  ;  the  retractile  portion  is  more 
distinctly  granulated  anteriorly.  The  tentacles  are  rather  numer- 
ous, small  and  simple. 

Off  Casco  Bay,  64  fathoms;  Cashe's  Ledge,  50  to  72  fathoms; 
near  St.  George's  Bank,  110  fathoms:  Gulf  of  St.  Lawrence 
(Whiteaves). 

Phascolosoma  ccementarium  Verrill. 

First  Report  of  U.  S.  Comm.  of  Fish  and  Fisheries,  p.  627, 
plate  xviii,  fig.  92. 

Sipunculus  coemenCariris  Quatrefages,  Illstolre  Nat.  des  Annelfis,  vol. 
\\,  p.  628,  1866.  This  Is  the  Sipunculus  Dernhardus  of  American  writers, 
but  not  of  Forbes.  P.  hamulatum  Packani,  Mem.  Boston  Soc,  it,  p.  290, 
1867,  may  be  the  same  species.  It  is  perhaps  identical  also  with  Sipun- 
cuius  capitatus  Kalhke,  Fauna  Norwegeos,  p.  143,  plate  vl,  figures  20-23, 
1843. 
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Very  common  on  the  coast  of  New  England,  from  Vineyard 
Sound  nortliward,  in  6  to  430  fathoms,  in  dead  univalve  shells. 

PhascttJnaoma  tuhicola  Verrill. 

American  Journal  of  Science,  vol.  v,  p.  99,  1873. 

Body  versatile  in  form ;  in  contraction  short,  cylindrical,  oval, 
or  fusiform,  -5  to  one  inch  long,  '10  to  '15  in  diameter;  in  full 
extension  the  boily  is  more  or  less  fusiform,  gradually  tapering 
anteriorly  into  the  long,  slender,  nearly  cylindrical  retractile  por- 
tion, which  is  longer  than  the  rest  of  the  body  and  bears,  near  the 
end,  a  circle  of  about  ten  to  sixteen,  simple,  slender  tentacles,  be- 
yond which  the  terminal  portion  is  often  extended  into  a  short  pro- 
boscis, with  the  mouth  at  the  end  ;  below  the  tentacles  there  is  some- 
times a  dilation,  but  this  is  without  special  spines  or  granules,  and 
like  the  rest  of  the  retractile  portion  in  texture.  The  posterior 
end  of  the  body  is  bluntly  rounded,  and  the  skiu  is  transversely 
wrinkled  and  rough,  and  covered  with  small,  round,  somewhat 
raised  verrucas  or  suckers,  to  which  dirt  adheres,  and  at  the  end 
nearly  alwa^^s  bears  from  3  to  8,  small,  but  prominent,  peculiar 
bodies,  having  a  slender  pedicel  and  a  clavate  or  globular  head  ; 
their  nature  is  doubtful  (they  may  be  sense-organs,  but  should  be 
examined  on  living  specimens).  At  about  the  posterior  third  of 
the  proper  body  is  an  irregular  zone  of  numerous,  dark  brown,  hard 
chitinous  hooks,  arranged  in  several  rows,  broad,  triangular  in 
form,  with  acute  points  directed  forward ;  among  the  hooks  are 
also  a  few  suckers  ;  the  middle  region  is  covered  with  small,  round, 
slightly  raised  suckers,  which  become  much  more  prominent  and 
crowded  at  the  anterior  end  toward  the  base  of  the  retractile 
portion,  and  have  here  the  form  of  small,  subconical,  elevated 
warts,  to  which  dirt  usually  adheres  firmly  ;  the  retractile  portion 
is  covered  throughout  with  minute  conical  verrucse  or  papillse, 
most  prominent  toward  the  base. 

In  many  respects  P,  coimentarium  agrees  very  closely  with  this, 
but  it  has  the  posterior  end  much  smoother,  and  with  less  conspic- 
uous suckers ;  the  hooks  are  not  so  numerous,  less  acute,  and 
lighter  colored  ;  the  anterior  part  of  the  body  has  smaller  and  less 
prominent  suckers  or  verrucas  ;  the  skin  is  lighter  colored,  thinner, 
and  more  translucent,  and  there  is  a  zone  bearing  several  rows  of 
minute,  slender,  acute,  chitinous  spinules,  a  little  below  the  ten- 
tacles. 
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Off  Casco  Ba3%  60  to  94  fathoms ;  near  St.  George's  Bank,  85 
to  150  fathoms. 


TURBELLARIA. 

Opkionemertes  agiUs  Verrill.    .(Plate  2,  figure  4). 

American  Journal  of  Science,  vol.  vii,  p.  45,  plate  vii,  fig.  1, 1874. 

Allied  to  Tetrastevima,  Body  slender,  slightly  depressed,  with 
the  sides  well  rounded,  tiiickest  in  the  middle,  tapering  gradually 
to  the  slender,  obtuse,  posterior  end  ;  head  somewhat  separate 
from,  and  wider  than  the  anterior  part  of  the  body,  changeable  in 
form,  often  oval,  sometimes  sub- triangular,  generally  longer  than 
broad,  narrowed  anteriorly,  obtuse  or  slightly  emarginate,  with  h 
terminal  orifice.  Eyes  numerous,  formiug  a  long,  crowded  lateral 
row  or  group  aldng  each  side  of  the  head  ;  the  rows  are  simple  and 
convergent  anteriorly,  posteriorly  they  become  broad  and  double, 
Back  of  the  eyes  there  is  a  curved  transverse  groove  or  furrow, 
crossing  the  back  of  the  head.  No  lateral  fossae  were  observed. 
Color  pale  ochre-yellow  ;  the  intestine  slightly  reddish  ;  the  inter- 
nal lateral  organs  lighter  yellow,  giving  a  reticulated  appearance 
to  the  sides.     Length  25'"™  to  40"""  ;  1-5"""  to  2"^'"  in  diameter. 

Casco  Bay,  20  to  65  fathoms ;  Bay  of  Fundy,  40  to  1)0  fathoms. 

Tetrastemma  vittata  Verrill.     (Plate  2,  figures  7,  8.) 

Op.  cit.,  vol.  vii,  p.  45,  plate  vii,  figs.  3,  a,  b,  1874. 

Body  short  and  stout,  obtuse  at  both  ends,  well  rounded,  little 
depressed  ;  head  not  distinct  from  the  bod}',  obtusely  rounded. 
Eyes  four,  small  and  not  very  distinct,  the  two  pairs  widely  sepa- 
rated, the  anterior  ones  near  the  anterior  end,  and  nearer  together 
than  the  others.  A  well-marked  transverse  groove  or  fold  is  sit- 
uated between  the  two  pairs  of  eyes,  and  extends  around  to  the 
ventral  side ;  proboscis-orifice  terminal.  Color  of  body  dark 
olive-green,  greenish-brown,  or  greenish-black,  often  with  a  light 
longitudinal  dorsal  stripe ;  head  greenish,  marked  with  six  longi- 
tudinal white  stripes  or  vittae,  which  radiate  from  the  terminal 
orifice  and  extend  backward  to  the  transverse  furrow,  which  is 
bordered  by  a  transverse  band  of  white,  often  forming  a  whitish 
ring  around  the  head  ;  two  of  the  vittae  are  dorsal,  two  ventral, 
and  one  lateral,  on  each  side  ;  a  less  distinct  median  ventral  one 
is  sometimes  visible.    Length,  25™™  to  40™™ ;  diameter,  4™™  to  7™™. 

Casco  Bay,  3  to  20  fathoms,  on  muddy  bottoms. 
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Macronemertes  gigantea  Verrill.     (Plate  2,  figures  5,  6.) 

American  Journal  of  Science,  vol.  vi,  p.  439,  pi.  vii,  figs.  2,  a,  b, 
1873. 

Body  much  elongated,  subterete,  a  little  depressed,  thickest 
anteriorly,  gradually  tapering  posteriorly,  becoming  very  slender 
toward  the  end.  Integument  very  soft,  secreting  a  large  quan- 
tity of  mucus.  Head  not  distinct  from  body,  obtusely  rounded  in 
front,  with  a  terminal  pore ;  upper  surface  with  two  longitudinal 
fossffi ;  below  with  two  rather  indistinct  transverse  grooves,  or 
fos8£e,  in  advance  of  the  mouth.  Ocelli  numerous,  arranged  in  six 
clusters  ;  a  pair  of  large  clusters  on  the  anterior  lateral  border  of 
the  head ;  a  pair  of  smaller  lateral  clusters  farther  back ;  and  a 
pair  of  small  clusters  on  the  dorsal  surface,  between  the  longi- 
tudinal fossae.  Color,  when  living,  bright  orange-red  above,  flesh- 
color  below.  Length,  about  eight  feet,  in  extension;  diameter, 
anteriorly,  -30  of  an  inch  (T"""™  to  8™*"). 

Off  Cape  Elizabeth,  68  fathoms,  soft  mud,  Aug.  12. 

TUNICATA. 

Ascidia  molis  Verrill.     (Plate  1,  fig.  5.) 

American  Journal  of  Science,  vol.  vii,  p.  409,  fig.  2,  1874. 

Body  large,  hemispherical  or  subglobular,  attached  obliquely  by 
the  left  side  ;  integument  rather  thin,  soft  and  somewhat  translu- 
cent, with  the  surface  nearly  smooth,  but  more  or  less  wrinkled. 
Color,  pale  olive-green.  Branchial  aperture  near  one  end,  large, 
slightly  elevated,  surrounded  by  eight  obtusely  rounded  lobes ; 
anal  orifice  placed  to  one  side  of  the  middle  of  the  body,  little 
elevated,  relatively  small,  rounded  in  ordinary  expansion.  Di- 
ameter of  body  usually  one  to  two  inches. 

Common  in  48  to  107  fathoms,  attached  to  bowlders  in  many 
localities  off  Casco  Bay ;  off  Manheigan  I. ;  at  Jeffrey's  Bank ; 
Cashe's  Ledge,  etc. 

ANTHOZOA. 

Cornulariella  modesta  Verrill.     (Plate  6,  figs.  2,  3.) 
American  Journal  of  Science,  vol.  vii,  p.  40,  plate  viii,  figs.  1,  2. 
Allied  to  Comularia  and  Telesto,     Polyps  tubular,  rising  from 
creeping  stolons  ;  the  lower  part  of  the  polyp-bodies  has  the  walls 
thickened  and  stiflfened  by  large  numbers  of  spicula,  having  inter- 
locking branches  or  projections,  and  is  more  or  less  eight-ribbed 
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in  contraction ;  upper  part  of  body  hour-glass  shaped,  flexible, 
translucent,  whitish,  with  fewer  white  spicula,  retractile  into  the 
lower  part,  the  eight  internal  lamellae  showing  through.  Tenta- 
cles large  expanding  about  6™",  lanceolate,  gradually  tapering  to 
the  acute  tips,  flat  above,  with  the  short  thick  pinnse  arranged 
along  the  upper  edges  on  the  distal  half;  the  lower  side  of  the 
tentacles  is  rounded  and  more  or  less  swollen  toward  the  base. 
Color  of  stolons  and  base  of  polyps  dirty  yellowish  or  brownish ; 
flexible  part  of  polyps  and  the  tentacles  translucent  white :  the 
latter  with  central  rows  of  white  spicula.  Height  of  polyps,  6'""* 
to  18"" ;  diameter,  3™" ;  distance  between  polyps,  6'"™  to  25'"'* ; 
breadth  of  stolons,  about  3"". 

Casco  Bay;  Bay  of  Fundy,  80  to  100  fathoms.  Gulf  of  St. 
Lawrence,  in  220  fathoms  (Whiteaves). 

Cerianthus  borealia  Verrili. 

Op.  cit.,  vol.  V,  p.  5,  January,  1873. 

Body  much  elongated,  tapering  gradually  to  the  abactinal  open- 
ing, tiie  surface  smooth  but  more  or  less  sulcated  longitudinally. 
Marginal  tentacles  very  numerous  and  unequal,  the  inner  ones 
longest,  in  the  largest  specimens  2-25  inches  long,  and  '12  in  diam- 
eter at  base,  gradually  tapering,  acute ;  the  outer  ones  1  inch  and 
less  in  length.  Oral  tentacles  numerous,  crowded  in  several  rows, 
in  the  largest  specimens  about  1  inch  long,  slender,  acute.  Color 
of  body  olive-brown  or  dark  chestnut-brown,  sometimes  pale  bluish 
just  below  the  tentacles  ;  disk  pale  yellowish-brown  ;  space  within 
the  oral  tentacles,  around  the  mouth,  deep  brown,  with  lighter  ra- 
diating lines ;  oral  tentacles  pale  chestnut-brown ;  marginal  ones 
deep  salmon  or  yellowish-brown,  the  longest  usually  barred  trans- 
versely with  six  to  eight  dark  reddish  brown  spots,  each  spot  par- 
tially divided  along  the  median  line  into  two  lateral  ones. 

The  two  largest  specimens,  dredged  in  twenty-eight  fathoms, 
east  of  Grand  Menan,  by  the  writer,  measured  5  inches  across  the 
disk  and  tentacles,  but  their  bodies  were  mutilated.  Entire  ones 
of  much  smaller  size  were  dredged  by  Dr.  Packard  and  Mr.  Cooke 
in  110  and  150  fathoms,  soft  mud,  near  St.  George's  Bank.  The 
largest  of  these  was  eight  inches  long,  and  like  other  species  of  the 
genus,  inhabited  a  thick,  tough,  felt-like,  muddy  tube. 

Casco  Ba}',  7  to  94  fathoms ;  off  Seguin  Island  75  fathoms, 
of  large  size  (18  inches  long,  1*5  in  diameter,  and  7  inches  across 
(he  tentacles). 
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BPONGT^ 

Lencandra  cyathus  Verrill,  sp.  nov. 

Sponge  deep  cup-shaped  or  goblet-shaped,  with  a  short,  thick 
pedicel  and  a  wide  terminal  opening,  surrounded  by  an  even,  acute 
rim ;  walls  of  the  sponge  rather  firm,  moderately  thin,  finely 
porous,  external  surface  even,  sparingly  hispid,  with  the  short 
projecting  points  of  scattered  fusiform  and  tri-radiate  spicula;  in- 
ternal surface  finely  porous,  and  roughened  with  small,  short  points 
of  spicula,  directed  upward.  The  external  wall  is  filled  with  an 
intricate  network  of  moderately  large,  mostly  tri-radiate  spicula, 
part  of  which  are  sagittate,  with  a  straight  shaft,  and  two  long, 
slender,  widely  divergent,  slightly  curved  branches  ;  partly*  regular, 
with  the  angles  nearly  equal ;  all  have  long,  moderately  slender 
rays,  tapering  regularly  to  a  sharp  point ;  in  some,  one  ray  is  con- 
siderably longer  than  the  others.  A  few  straight,  fusiform  spic- 
ula, with  acute  tips,  project  from  the  surface ;  they  are  about  as 
large  as  one  of  the  branches  of  the  tri-radiate  ones.  The  walls  of 
the  irregularly  Vlivided  radiating  tubes  are  supported  by  the  long, 
straight  shafts  of  tri-radiate  sagittate  spicula,  having  their  branches 
widely  divergent,  curved  and  mostly  embedded  in  the  outer  or  in- 
ner walls,  and  usually  about  half  as  long  as  the  shaft.  The  inner 
wall  is  supported  by  tri-radiate  spicules,  similar  to  those  of  the 
outer  wall,  and  by  quadri-radiate  sagittate  spicula,  mostly  smaller, 
and  with  unequal  curved  branches,  the  apical  one  short,  projecting 
slightly  beyond  tiie  inner  surface,  and  directed  upwards.  Height 
of  sponge,  20™"^  to  25'"" ;  diameter  of  cups,  8™">  to  10""*.  Color 
pale  yellowish  white. 

Casco  Bay,  off  Witch  Rock,  15  fathoms. 

Ascorth  ClarJcH  Verrill,  sp.  nov. 

Sponge  forming  long,  slender,  regular,  subcylindrical  tubes, 
either  simply  or  sparingly  branched,  with  smooth,  thin  and  delicate 
walls  ;  terminal  orifice  usually  small  and  simple,  or  surrounded  by 
a  short  fringe  of  small  spicula.  The  walls  are  composed  of  a 
close,  irregular  network  of  slender  tri-radiate  spicula,  which  are 
regular,  with  long,  slender,  tapering,  subequal,  acute  rays;  usually 
the  angles  are  nearly  equal,  but  some  are  more  or  less  sagittate  in 
form,  with  two  of  the  rays  widely  divergent  and  slightly  curved. 
Among  the  tri-radiate  spicula  there  are  many  small,  very  slender, 
acute,  fusiform  ones,  which  are  mostly  less  than  half  the  diameter 
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of  one  of  the  rays  of  the  former,  and  from  one-third  to  two-thirds 
the  length.  Length  of  the  sponge  tube,  15*""  to  25"" ;  diameter, 
0-60"™  to  0-80.     Color  pure  white. 

Quahog  Bay,  at  low  water,  abundant. 

This  is  the  most  delicate  species  of  calcareous  sponges  found 
on  our  coast  and  is  so  translucent  as  to  display  very  readily  the 
form  and  structure  of  the  minute  zooids,  like  those  figured  by  the 
lamented  Professor  H.  J.  Clark  in  a  closely  related  species  {A. 
fragilis,  var.  bifida  Haeckel).  These  can  be  easily  made  out  even 
in  alcoholic  specimens,  and  are  large  enough  to  be  visible  with  a 
one-inch  objective.  This  species  is  readily  distinguished  from  A. 
fragilisy  both  by  its  long,  even,  sparingly  branched  tubes  and  b^' 
having  regular  spicula  instead  of  the  irregular  ones  characteristic 
of  the  latter. 

Leucosolenia  (Ascaltis)  cancellata  Verrill,  sp.  nov. 

Sponge  massive,  pyriform,  hemispherical,  subglobular,  or  irreg- 
ular, consisting  of  an  intricate  mass  of  small  anastomosing  tubes, 
which  are  more  or  less  coalesced  ;  surface  variously  cancellated, 
consisting  of  small,  irregular,  mostly  angular,  deep  depressions  or 
pits,  separated  b}'^  thin  rounded  ridges.  The  thin  walls  of  the 
tubes  are  supported  by  a  network  of  rather  small,  regular,  tri- 
radiate  and  quadri-radiate  spicula,  the  two  sorts  about  equal  in 
size.  The  tri-radiate  ones  mostly  have  the  rays  and  angles  nearly 
equal ;  the  raj'S  being  nearly  straight,  long,  and  tapering  but  little 
to  near  the  ends,  which  are  somewhat  obtusely  pointed  ;  some  of 
the  spicula  are  broadly  sagittate,  with  wide  spreading  branches. 
The  quadri-radiate  spicula  have  a  small,  short,  acute,  straight  or 
curved  apical  ray,  many  times  shorter  than  the  others,  which  arc 
similar  in  size  and  form  to  those  of  the  tri-radiate  spicula.  Diam- 
eter of  the  sponge  mass  6"""  to  30™"  ;  diameter  of  component  tubes 
0-5""  to  1"^".     Color  yellowish-white  to  brownish-yellow. 

Cosco  Bay,  10  to  64  fathoms ;  Cashe's  Ledge,  52  to  70  fathoms. 

This  species  belongs  to  the  genus  Ascaltis  of  Haeckel,  which 
contains  the  typical  species  of  the  old  genus  Leucosolenia, 
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EXPLANATION  OF  PLATES. 

PLATE    1. 

Fig    1.     Octopus  Bairdii  V.,  male ;  profile  view,  natural  size. 

Fig.  2.     The  same,  dorsal  view. 

Fig.  3.  Entalis  agilisf  G.  O.  Sars;  lateral  view  of  the  soft  parts,  in 
extension,  enlarged  about  four  diameters. 

Fig.  4.  Entalis  strioloUa;  several  views  of  animal,  with  the  foot  in  dif- 
ferent states  of  expansion;  enlarged  about  one  and  one-half  diameters. 

Fig.  5.     Ancidia  mollis  Verrill ;  natural  size. 

Fig.  6.     Chelyosoma  geometricum  Stlmpson ;  natural  size. 

[The  drawings  are  by  J.  H.Emerton.]. 


PLATE  S. 

Fig.  1.  Oattiola  cincinnata  Verrill;  dorsal  view;  enlarged  about  five 
diameters. 

Fig.  2.  Nephthys  ingens  Stlmpson ;  dorsal  view  of  anterior  part  of  body 
and  proboscis ;  enlarged. 

Fig.  8.    Ammotrypane  fimhriatay^vt\\\\  ventral  view;  natural  size. 

Fig.  4.  Ophionemertes  agilis  Verrill ;  dorsal  view ;  enlarged  about  two 
diameters. 

Fig.  5.  Macronemertes  gigantea  Verrill ;  anterior  part  of  body  and  head ; 
ventral  view;  natural  size. 

Fig.  6.    The  same ;  dorsal  view. 

Fig.  7.  Tetrastemma  vUtata  Verrill ;  anterior  part  of  body  and  head ; 
dorsal  view;  enlarged  about  four  diameters. 

Fig.  8.     The  same ;  front  view  of  the  head. 

[Flgares  5  and  6  were  drawn  by  the  author,  the  rest  by  J.  H.  Emerton.] 


PLATE  8. 

Fig.  1.  Phyllodoce  catenula  Verrill ;  dorsal  view  of  anterior  part  of 
body  and  head,  and  of  the  extended  proboscis;  enlarged  about  four  di- 
ameters. 

Fig.  2.  Procercea  gracilis  Verrill;  dorsal  view  of  head  and  anterior 
portion  of  body ;  enlarged  about  six  diameters. 

Fig.  8.    Nereis pelagica,  male  and  female;  natural  size. 

Fig.  4.  The  same ;  one  of  the  lateral  appendages  of  the  54th  segment ; 
enlarged  about  ten  dlametei-s. 

Fig.  5.  Ninoe  nigripes  Verrill ;  one  of  the  lateral  appendages ;  greatly 
enlarged. 

[Figures  3  and  4  are  copied  from  Ehlers;  the  rest  are  by  J.  H.  Emerton,  flrom  nature.] 
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PLATE   4. 

Fig.  1.  Stephanosyllis  ornata  Verrill;  anterior  and  posterior  portions; 
enlarged  eight  diameters. 

Fig.  2.  Eulalia  pislacia  Verrill ;  anterior  and  posterior  parts  of  body ; 
enlarged  about  four  diameters. 

Fig.  3.  Vermilia  serrula  Stimpson ;  anterior  part  of  tube  and  expanded 
branchiae  of  an  immature  specimen;  much  enlarged. 

Fig.  4.  Nothria  opalina  Verrill ;  anterior  portion ;  enlarged  about  five 
diameters. 

[The  figures  were  drawn  by  J.  H.  Emerton.] 

PLATE  5. 

Fig.  1.    Nereis  virens ;  head  and  anterior  segments;  slightly  enlarged. 

Fig.  2.  The  same;  lateral  appendages;  enlarged  four  diameters;  a, 
appendage  from  the  56th  segment;  bj  from  the  80th  segment. 

Fig.  3.  Enipo  gracilis  Verrill ;  setsB  enlarged  176  diameters :  a,  one  of 
the  inferior  setae  of  the  lower  ramus ;  6,  one  of  the  superior  setae  of  the 
lower  ramus;  c,  one  of  the  setae  of  the  upper  ramus. 

Fig.  4.  Praxilla  zonalis  Verrill ;  anterior  and  posterior  portions ;  en- 
larged about  three  diameters. 

Fig.  6.  Qrymcea  spiralis  VevriW;  lateral  view  of  anterior  portion ;  en- 
larged about  three  diameters. 

Fig.  6.  Lumhriconereis  fragilis ;  anterior  part  of  body  and  head,  dorsal 
view;  enlarged  about  six  diameters. 

Fig.  7.  Nephthys  ciliata;  one  of  the  lateral  appendages;  enlarged  ten 
diameters. 

[Figures  1, 2  nnd  7  are  copied  fVom  Ehlers;  figure  3  is  trom  nature,  by  the  author; 
the  rest  were  drawn  ft*oni  living  specimens  by  J.  H.  Emerton.] 

PLATE   6. 

Fig.  1.  Edwardsiafarinacea  Verrill ;  lateral  view ;  enlarged  about  three 
diameters. 

Fig.  2.  Cornulariella  modesta  Verrill ;  two  of  the  zodids,  one  in  con- 
traction; enlarged  about  four  diameters. 

Fig.  3.  The  same ;  some  of  the  spicula  from  the  integument  of  the 
body;  enlarged. 

Fig.  4.  Alcyonium  carneum  Agassiz;  three  of  the  polyps;  enlarged 
about  ten  diameters. 

Fig.  6.  Oligotrochus  vUreus  G.  O.  Sars ;  two  of  the  plates  from  the  integ- 
ument of  the  body  of  a  specimen  dredged  in  79  fathoms  near  Jeffrey's 
Bank ;  enlarged  140  diameters ;  a,  a  wheel  with  the  rim  not  AiUy  devel- 
oped, but  continuous;  &,  a  wheel  with  the  rim  ftilly  formed. 

Fig.  6.  Chcetodervianitiduhim  Low  en;  with  the  branchiae  retracted; 
enlarged  about  five  diameters. 

[Figure  6  was  drawn  by  J.  H.  Emerton ;  the  others  by  the  author.] 
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On  the  Origin  of  Species.     By  G.  C.  Swallow,  of  Columbia,  Mo. 

A  large  number  of  the  cultivators  of  science  bave  believed  in 
tbe  integrity  of  species.  They  have  based  tlieir  investigations  on 
the  hypothesis  that  certain  organic  beings  are  alike  in  all  their 
essential  characteristics ;  that  each  had  a  well  defined  beginning, 
will  produce  its  kind,  and  that  each  series  will  maintain  its  iden- 
tity indefinitely  to  the  end.  They  have  at  the  same  time  admitted 
that  individuals  may  be  somewhat  changed  by  various  causes, 
such  as  climate,  food  and  habits,  and  that  such  changes  may  be 
fostered  and  transmitted,  especially  by  man's  care ;  that  varieties 
witii  marked  variations  may  be  produced  by  special  causes,  but 
that  when  these  causes  cease  and  the  original  conditions  are  re- 
stored, the  variations  will  rapidly  disappear,  and  that  the  var3'ing 
series  will  return  more  or  less  perfect!}'  to  the  original  stock. 

But  at  the  beginning  of  the  present  century,  Lamarck,  St. 
Hilaire,  and  a  few  other  distinguished  savans,  were  led  by  numer- 
ous facts  to  adopt  and  promulgate  a  Theory-  of  Development; 
that  inorganic  matter  is  developed  into  the  lower  orders  of  or- 
ganisms, and  these  in  turn  are  developed  into  higher  orders  until 
man  is  produced.  Thus  all  species  and  orders  of  organic  beings 
weie  brought  into  existence  and  developed  by  natural  laws  with- 
out the  intervention  of  final  causes. 

The  promulgation  of  this  theory  created  a  profound  sensation, 
though  the  world  was  then  absorbed  by  the  most  important  politi- 
cal events  of  modern  times.  But  Cuvier  and  others  so  success- 
fully defended  the  immutability  of  organic  forms,  that  nearly  all 
scientific  men  continued  to  believe  in  the  integrity  of  species,  not- 
withstanding the  rudimentary  organs  and  other  facts  adduced  by 
Lamarck  in  support  of  his  development  theory. 

About  the  middle  of  this  century  the  *'Vestiges  of  Creation" 
api)eared,  reannouncing  the  Theory  of  Development  and  extending 
it  far  be3'ond  the  limits  indicated  by  Lamarck.  The  work  pre- 
sented a  formidable  array  of  facts,  carefully  collected  from  all 
departments  of  natural  science.  This  work  led  to  many  able  and 
often .  repeated  discussions  of  the  theory,  in  which  its  opponents 
seemed  to  have  a  decided  advantage  in  the  argument,  and  the 
belief  in  the  immutability  of  species  held  its  position  in  the  sci- 
entific world,  though  some  doubted  and  entered  upon  a  more  care- 
ful examination  of  the  subject. 
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Some  ten  years  later,  Mr.  Charles  Darwin  and  Mr.  Alfred 
Wallace  promulgated  a  theory  accounting  for  the  origin  of  species 
by  variations  produced  in  several  ways,  but  more  especially  by 
natural  selection.  Mr.  Darwin  has  sustained  his  tlieory  by  several 
very  able  works  in  which  he  has  collected  a  vast  multitude  of  facts 
from  all  parts  of  the  world -and  from  all  departments  of  natural 
science.  So  strong  has  he  made  his  position,  and  so  profound 
has  been  the  impression  upon  men  of  all  classes,  that  most  scien- 
tific men  have  more  or  less  examined  the  theory  in  its  new  rela- 
tions, and  a  great  many  naturalists  have  given  to  what  is  called 
"  Darwinism"  their  tacit  assent,  and  many  others  their  active 
support.  But  Mr.  Darwin  wisely  limits  the  effects  of  his  theory. 
He  admits  tlie  creation  of  primoidal  beings,  thus  avoiding  the 
weakest  parts  in  the  theories  of  Lamaick  and  the  author  of  the 
*'  Vestiges,"  by  leaving  the  little  known  region  along  the  bounda- 
ries of  the  organic  and  the  inorganic  kingdoms  out  of  the  discus- 
sion. Meanwhile  other  diligent  students  of  nature  have  pushed 
their  investigations  so  far  into  these  unknown  regions  as  to  be- 
come fully  satisfied  of  the  production  of  organic  beings  by  natural 
laws. 

Mr.  Crosse  announced  the  generation  of  new  animals,  the  Acanis 
Crossii^  by  the  agenc}'  of  galvanism  ;  though  the  force  of  his  decla- 
ration was  neutralized  when  others  recognized,  in  the  mites,  which 
came  trooping  up  tlie  conducting  wires,  an  old  acquaintance,  the 
Acariis  horriclus.  But  when  Drs.  Bastian  and  Child,  and  Prof. 
Haeckel,  Mr.  Herbert  Spencer,  and  others,  declare  that  the  evi- 
dence of  evolution  covers  the  whole  space  from  inorganic  matter 
up  to  man,  it  becomes  a  matter  of  more  serious  import.  We  find 
the  bases  of  our  applied  logic  disappearing,  and  the  old  and  long 
trusted  dicta  of  scientific  investigation  swept  away. 

Harvey's  declaration   Onme  vivnm  ex  ovo  is  giving  place  to  the 

.  opposite,  Xihil  vivum  ex  ovo;  and  the  oft  used  dictum,  "there  is  no 

beginning  or  change  of  existence  without  a  cause,"  which  has  so 

often  come  to  our  aid  when  we  came  to  the  end  of  our  knowledge, 

is  rapidly  becoming  obsolete  before  the  universal  dominion  of  law. 

When  we  had  a  million  species  and  a  long  list  of  inorganic  sim- 
ples and  a  countless  multitude  of  stars,  the  logician  had  a  fine 
field  for  his  final  causes,  but  now  when  all  are  swept  away,  and  all 
things  are  developed  by  natural  laws,  save  the  primoidal  star  dust 
or  fire  mist,  that  alone  in  all  the  wide  universe  admits  the  need  of 
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final  cause.  But,  doubtless,  some  ingenious  yankee  will  soon  make 
a  telescope  sufficiently  powerful  to  dissolve  all  nebulas  and  dissi- 
pate all  evidence  of  fire  mist  and  star  dust,  leaving  nothing  for 
all  things  to  be  developed  from,  and  instead  of  proving  ex  nihil 
nihil  est,  we  shall  be  compelled  to  adopt  again  the  old  faith  ex 
nihil  omnes  sunt,  • 

Few  men,  I  apprehend,  adopted  the  theory  of  Comte's  Positive 
Philosophy,  but  if  the  views  above  quoted  be  correct,  science  will 
have  demonstrated  the  principles  upon  which  it  is  based,  ^'the  fun- 
damental law  of  the  development  of  tlie  human  mind."  If,  as 
Comte  sa^'s,  ignorance  alone  admit  a  necessity  for  final  causes,  and 
if  the  mind,  when  it  arrives  at  a  perfect  knowledge  of  truth,  will 
admit  no  final  causes,  and  if  this  be  tiie  highest  stage  of  man's 
development,  the  last  end  of  the  series  which  commenced  witli  a 
mere  jelly  speck  or  protoplasm,  we  must  conclude  we  are  fast 
approaching  the  end  of  our  development,  man's  most  perfect  state. 
For  the  tendencies  of  the  age  to  ignore  final  causes,  simply  be- 
cause we  see  few  necessities  for  them,  must  satisfy  Comte  him- 
self. 

ICow  all  this  sadly  interferes  with  our  long  cherished  views  of 
science,  and  gives  us  many  a  sad  twinge  of  heart-ache  to  part  with 
the  principles  instilled  into  our  minds  by  our  teachers,  the  vener- 
ated fathers  of  American  science,  Cleaveland,  Silliman,  Hitch- 
cock and  Torrey. 

But  the  votaries  of  science  are  not  the  only  class  who  have  had 
their  most  cherished  opinions  seriously*  jostled  by  zealous  investi- 
gators who  fearlessly  express  their  honest  convictions.  We  are 
now  prepared  to  sympathize  with  the  students  of  Homer  who 
looked  upon  the  Iliad  as  the  greatest  Epic,  when  Wolf  and  Heyne 
declared  their  model  Iliad  a  mere  patchwork,  made  up  of  the 
songs  of  strolling  minstrels  ;  and  the  votaries  of  Shakspeare,  since 
Judge  Holmes  and  others  have  proved  Shakspeare  was  not  writ- 
ten by  Shakspeare,  but  by  a  disgraced  jurist,  who  had  small  gift 
of  poetry. 

But  we  submit,  and  are  ready  to  follow  wherever  the  facts  lead. 
It  is,  however,  as  Mr,  Darwin  says,  difficult  for  us  old  men  to  give 
up  our  longed  cherished  views,  and  it  must  not  be  deemed  strange 
that  we  have  difficulties  still,  and  some  points  upon  which  we  need 
more  light. 

It  is  my  object,  having  presented  the  proposition  as  I  understand 
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it,  to  state  some  of  these  diflaculties  without  stopping  to  discuss 
the  issues,  for,  as  Mr.  Darwin  has  well  said,  there  is  scarcely  a 
subject  upon  which  he  relies  to  sustain  his  theory'  that  does  not 
furnish  arguments  for  both  sides  of  the  question.  I  am  thoroughly 
impressed  with  the  idea  that  the  innumerable  facts  adduced  to  es- 
tablish this  theory,  save  in  a  few  cases,  lead  to  no  definite  conclu- 
sions but  to  a  mere  balancing  of  probabilities.  It  also  appears 
that  the  question  at  issue  has  not  been  stated  with  sufficient  preci- 
sion, and  that  the  different  parts  of  it  have  not  been  30  carefully 
analyzed  as  to  give  a  clear  view  of  what  changes  are  necessary  at 
each  stage  of  the  progress  from  molecules  to  man. 

A  change  which  can  be  produced  by  merely  enlarging  a  muscle 
is  very  different  from  a  change  which  requires  the  addition  of  a 
new  muscle,  and  one  which  requires  the  addition  of  a  new  bone  to 
an  osseous  system  is  radically  different  from  one  that  necessitates 
the  giving  a  bone  where  none  previously  existed. 

The  fact  that  we  can  develop  a  race  of  long-tailed  dogs  into  a 
race  of  bob-tails  is  no  evidence,  whatever,  that  the  bob-tails  can  be 
changed  into  the  long-tails,  since  one  is  effected  by  losses  and  the 
other  must  be  by  additions.  It  is  far  easier  to  lose  than  it  is  to 
gain. 

Again,  a  change  involving  a  modification  of  organs  or  properties 
already  possessed  can  give  no  logical  relations  to  one  demanding 
the  introduction  of  new  organs  and  new  faculties.  The  change  of 
the  reasoning  powers  gives  no  presumptive  evidence  that  we  can 
create  the  moral  powers. 

Between  the  lowest  organism  and  man,  there  seem  to  be  two 
very  serious  barriers,  one  of  which  appears  utterly  insuperable. 

As  the  animal  is  higher  than  the  plant,  according  to  the  theory 
plants  must  be  transmuted  into  animals.  But  there  are  certainly 
no  facts  to  show  such  a  change  possible.  If  we  are  referred  to 
the  lower  orders  where  the  plants  and  animals  are  so  nearly  alike 
and  say  the  change  may  there  occur,  it  leaves  the  affirmative  with- 
out proof,  and  my  objection  still  remains  in  full  force. 

We  have  facts  to  show  we  may  change  things,  quality  and  prin- 
ciple, but  none  to  show  we  can  develop  new  ones.  How  you  are 
to  give  a  plant  a  nervous  sj'stem  and  mental  power  does  not 
appear.  But  it  is  said  that  we  have  proved  so  many  changes  to 
support  the  theory,  you  must  accept  it  as  a  whole  if  there  are 
some  obscure  parts.     But  the  argument  proves  too  much  for  Mr. 
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Darwin,  as  it  would  prove  the  development  of  matter  into  organ- 
isms as  well  as  plants  into  animals.  It  is  as  eas3'  to  give  life  to 
molecules  as  it  is  to  give  mental  powers  to  a  plant. 

As  we  have  no  facts  to  prove  the  development  of  a  new  faculty, 
so  the  facts  cannot  support  a  theory  which  covers  such  clianges. 
The  fact  that  you  can  change  one  animal  into  another  only  sup- 
ports a  theory  of  a  change  of  animals,  and  not  of  plants  into 
animals. 

Tlie  other,  and  to  me  insuperable  ban-ier,  is  tlie  change  of  the 
lower  animals  into  man.  So  far  as  the  physical  nature  is  con- 
cerned it  might  be  possible,  but  in  the  highest  degree,  improbable, 
as  no  changes  so  radical  have  been  observed.  But  when  you  say 
the  intellectual  powers  of  a  monkey  are  developed  into  the  human 
mind,  the  facts  adduced  have  no  relevance  to  the  case.  As  was 
said  before,  the  facts  which  prove  the  change  of  an  animal  into  an 
animal,  are  no  proof  of  a  change  of  a  brute  into  a  human,  nor  of 
any  theory  which  covers  such  a  change.  What  powers  of  the 
monkey  will  give  the  moral  powers  of  man? 

Some  will  say  that  a  savage  has  no  more  moral  sense  than  a 
monkey.  Then  lie  is  not  a  man,  and  the  impassable  barrier  is  be- 
tween the  savage  and  man,  and  not  between  the  monkey  and  the 
savage.  Somewhere  you  must  add  the  moral  power,  if  the  theory 
be  made  to  cover  the  human  race. 

Man  also  has  a  religious  or  superstitious  element,  as  it  is  called 
by  some,  which  is  radically  and  totally  different  from  any  mental 
faculty  in  a  brute.  Hence  there  can  be  nothing  in  a  brute  to 
be  developed  into  this  faculty  of  man.  But  some  say  the  religious 
element  is  a  product  of  education.  Comte,  however,  declares  the 
exact  contrary  ;  the  more  ignorant  the  more  superstitious.  Cer- 
tainly no  intellectual  state  is  more  universal.  Hence  in  making  a 
man  it  must  be  provided  for.  I  can  conceive  it  possible  to  make 
a  prophet  out  of  a  man,  or  a  monke}',  if  need  be,  for  he  has  mental 
powers  that  give  him  a  knowledge  of  future  events,  and  those 
faculties  may  be  so  improved  as  to  comprehend  all  the  future 
which  is  dependent  upon  fixed  laws.  But  when  we  attempt  to 
make  a  monkey  recognize  and  fear  the  unknown,  I  find  no  germ  or 
spark  of  an  intellectual  faculty  in  all  the  brute  creation  to  begin 
with  or  to  work  upon.  Take  the  intellectual  senses,  the  powers 
of  perception  and  conception,  and  develop  them  until  they  are  as 
perfect  in  the  monkey  as  Milton  supposes  them  to  be  in  the  highest 
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Archangel,  and  they  will  still  give  no  intimation  of  the  unknown. 
I  have  found  no  facts  to  indicate  that  such  a  change  is  possible. 

We  have  a  tolerable  history  of  man  ever  since  he  has  occupied 
the  earth,  and  we  may  date  his  introduction  near  the  close  of  the 
Tertiary  or  the  beginning  of  the  Drift  period.  Since  then  there 
has  been  time  enough  for  an}'  possible  departure  from  original 
types.  The  advocates  of  the  development  theory  admit  the  time 
since  man's  appearance  to  be  not  less  than  240,000  or  500,000 
years.  ^ 

That  man  lived  in  the  Tertiary  period  is  scarcely  possible :  for 
if  his  implements  and  remains  were  not  obliterated  by  the  pow- 
erful agencies  of  the  Drift,  there  can  be  no  reason  why  they  should 
not  have  been  preserved  in  the  quiet  times  of  the  Tertiary',  in 
which  we  find  the  remains  of  so  many  thousand  plants  and  ani- 
mals. We  may  safely  conclude  then  that  in  the  drift  we  have 
man's  earliest  histor3^  From  this  history  we  have  a  tolerable 
view  of  his  form,  habits,  implements,  habitations,  burial-places, 
altars  and  sacrifices.  And  yet  no  one  has  claimed  that  we  find 
any  more  evidence  of  the  monkey  among  these  primeval  men  than 
we  do  among  the  present  races.  The  evidence  on  this  point  is 
conclusive.  The  oldest  skull  as  yet  found  in  Europe,  about  which 
there  has  been  no  doubt  that  it  belonged  to  the  age  of  extinct 
mammalia,  the  oldest  of  human  remains,  is  simply  a  good  Cau- 
casian skull,  and  Prof.  Huxley  says,  "there  is  no  mark  of  degra- 
dation about  any  part  of  its  structure.  It  is  a  fair  average  human 
skull  which  might  have  belonged  to  a  philosopher." 

Again,  the  oldest  skull  found  in  America,  so  far  as  I  know, 
about  which  there  can  be  no  question  that  its  possessor  was  con- 
temporary with  the  early  mound  builders,  the  elephant  and  mas- 
todon, was  found  in  a  large  mound  in  New  Madrid  county, 
Missouri,  inclosed  in  an  inverted  earthen  pot,  resting  upon  the 
ancient  dirt  floor  in  an  apartment  of  the  mound  which  contained 
the  altar  and  the  charred  remains  of  many  victims.  The  mouth 
of  the  jar  was  so  small  the  skull  could  not  be  removed  whole. 
This  skull  was  taken  out  in  the  presence  of  several  gentlemen, 
from  a  depth  of  thirty  feet  below  the  undisturbed  surface  of  the 
mound  which  was  covered    with   a  vegetable  soil  some  two  feet 

1  Mr.  Croll,  from  astronomical  calculations,  makes  the  drift  210,000  years  old,  and 
its  duration  100,000  years;  Lyell,  ft'om  geological  data,  makes  the  duration  of  the  period 
above  221.000  and  Uie  age  of  drin;  at  least  500,000  years. 
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deep,  and  on  which  were  growing  the  older  trees  of  a  primitive 
forest,  and  stumps  and  fallen  logs  still  older,  were  decaying. 
This  precious  relic  of  the  earliest  Americans  is  small,  perfectly 
preserved,  thin,  of  fine  texture,  oval  rather  than  elliptical.  I 
desired  to  show  you  this  skull,  but  did  not  dare  to  risk  its  ti^ans- 
portation.  This  mound  was  built  on  a  second  bench  of  the  Mis- 
sissippi, and  about  six  feet  of  alluvial  matter  has  been  deposited 
since  it  was  deserted.  In  the  bank  of  a  creek  near,  and  appar- 
ently in  the  same  formation  that  had  been  deposited  around  the 
mound,  was  found  the  tooth  of  a  mastodon. 

We  opened  another  small  burial  mound  near  the  one  just  de- 
scribed. It  gave  the  same  indications  of  antiquity.  In  it  we 
found  that  many  bodies  had  been  deposited  on  the  ground  floor, 
several  feet  below  the  surrounding  surface,  but  nothing  remained 
save  a  dark  stain  and  some  gray  calcareous  powder,  showing  where 
dust  turned  to  dust,  and  some  enamel  of  the  teeth.  In  this  mound 
we  also  found  a  great  many  curious  earthen  vessels  ornamented 
with  plastic  representations  of  animals  and  women.  Of  the  latter 
some  few  represent  the  whole  body,  others  the  head  and  bust,  and 
others  the  head  only.  These  heads  and  faces  represent  a  race  as 
highly  developed  as  the  average  Mongolian  or  the  Jjest  developed 
Indian  tribes. 

I  will  assure  you  there  is  nothing  in  all  these  representations 
of  humans  and  animals  to  remind  you  of  the  monkey  but  the  arms 
of  one  of  the  women,  and  even  they,  though  very  different  from 
the  arms  which  art  has  given  Mother  Eve,  are  still  a  very  exact 
representation  of  the  long  lean  arms  of  the  Malaysian  women. 

Other  skulls  of  inferior  structure  and  great  antiquity  have  been 
found,  but  absolutely  nothing  to  show  that  man  was  less  developed 
then  than  now. 

The  historical  record  then  gives  us  no  indication  of  man's  phy- 
sical development  from  the  monkey  even  during  the  500,000  years 
he  is  supposed  to  have  lived  upon  the  earth. 

But  Mr.  Darwin  appeals  to  the  illimitable  geological  cycles.  But 
if  a  monkey  is  to  be  developed  into  a  man,  and  we  find  that  man 
has  made  little  progress  and  the  monkey  less,  during  the  vast 
periods  of  the  Quaternary  and  recent  ages,  how  long  will  it  take 
to  fill  the  wide  gap  between  them? 

Prof.  Huxley  has  well  but  modestly  answered  this  question. 
The  advocates  of  progressive  development  must  look  for  man's 
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primoidal  stock  in  an  epoch  more  distant  from  the  tertiary  than 
the  tertiary  is  from  the  present,  and  that  will  carry  his  beginning 
beyond  all  monkeys  and  beyond  all  mammals,  and  he  will  be 
compelled  to  start  from  a  reptilian  or  a  fish.  As  much,  therefore 
as  we  gain  in  time  we  lose  by  beginning  lower  on  the  develop- 
ment scale. 

There  are,  therefore,  two  insuperable  objections  to  the  develop- 
ment of  the  monkey  into  man. 

Ist.  The  monkey  had  no  rudiments  of  a  moral  sense  or  any- 
thing kindred  to  it,  which  could  possibly  be  developed  into  man's 
moral  nature. 

The  whole  theory  of  development  by  natural  selection  is  based 
upon  like  producing  like.  No  natural  selection  ever  could  have 
produced  a  race  of  retrievers  had  not  some  dog  learned  to  re- 
trieve, that  he  might  be  selected  to  propagate  that  race. 

There  is,  therefore,  no  possibility  of  making  a  moral  being  out 
of  a  monkey  by  natural  selection,  unless  some  monkey  with  a 
moral  sense  can  be  found  upon  which  to  operate.  Without  this 
not  a  step  can  be  made  by  natural  selection. 

2d.  The  facts  in  man's  vastly  long  history  fail  to  show  even 
the  sligiitest  probability  that  the  physical  monkey  was  developed 
into  the  ph^'sical  man. 

If,  then,  as  scientific  men,  we  follow  where  the  facts  lead  and 
nowhere  else,  man  must  be  dropped  from  the  series  before  the 
theory  can  be  accepted  as  true. 

Like  Mr.  Darwin  we  must  also  admit  organisms  to  start  with. 

Again,  the  theory  will  be  relieved  of  a  serious  difficulty  by  not 
requiring  the  change  of  plants  to  animals.  It  is  quite  as  simple 
to  suppose  each  comes  from  its  own  peculiar  primoidal  germs. 

With  some  few  modifications  of  this  character,  the  development 
theory  is  relieved  of  its  most  serious  difficulties. 

Mr.  Darwin  has  much  confidence  in  the  changes  produced  by 
domestication  to  establish  his  theory.  His  book  is  rich  in  inter- 
esting and  instructive  facts,  but  the  facts  do  not  carry  the  same 
convictions  to  all  candid  reasoners. 

The  facts  incident  to  domestication  are,  in  some  respects,  very 
valuable,  since  much  greater  changes  are  produced  by  the  aid  and 
skill  of  man  than  in  the  state  of  nature.  Yet  these  changes  can- 
not have  the  same  value  in  determining  the  question  at  issue, 
since  nearly  or  quite  all  the  species  have  been  produced  in  a  state 
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of  nature  and  under  very  different  influences.  Even  if  we  give 
;these  changes  all  the  force  of  natural  developments,  they  still 
fall  short  of  any  conviction  stronger  than  possibilities ;  as  no 
species  has  been  pro(hiced  in  all  the  thousand  years  of  the  trial. 
Cuvier's  argument,  from  the  animals  and  plants  found  embalmed 
in  the  ancient  Egyptian  tombs,  more  than  neutralizes  all  the  con- 
victions from  modern  changes.  Add  to  this  the  argument  that 
is  coming  down  from  the  prehistoric  ages,  and  the  negative  be- 
comes very  strong.  If  in  these  many  cycles  man,  with  all  his 
skilU  aided  by  all  climates,  soils,  food  and  varied  habits,  has  not 
produced  a  species,  when  will  he  be  able  to  do  it? 

Then,  again,  the  universal  tendency  to  return  to  original  forms, 
when  left  to  nature,  makes  it  very  improbable  that  such  changes 
would  occur  in  nature.  It  shows  at  least  that  there  is  no  strong 
tendency  to  depart  from  original  types. 

The  hog  has  been  greatly  changed  by  domestication,  and  yet 
when  left  to  himself,  he  soon  returns  to  the  original  type. 

During  the  late  war  many  hogs,  some  of  the  most  improved 
breeds,  were  turned  loose  and  left  to  shift  for  themselves.  Three 
years  after  I  found  them  possessing  all  the  physical  characteristics 
of  the  wild  boar  of  Europe.  This  was  especially  true  of  the 
younger  members  of  the  herds. 

Since  such  is  the  tendency  with  all  animals  and  plants,  it  seems 
to  indicate  a  natural  stability  of  original  types. 

The  American  bison  furnishes  a  very  interesting  example  of 
changes  produced  by  the  physical  structure  of  the  regions  they 
occupy.  There  are  several  well-known  herds  which  range  in  cer- 
tain wooded  and  high  regions  of  the  Rocky  Mountains.  These 
herds  never  come  down  to  the  plains.  They  leave  their  peculiar 
haunts  only  when  driven  down  by  excessive  snows.  They  then 
remain  among  the  foot-hills  until  the  snow  permits  their  return  to 
their  mountain  fastnesses.  How  long  these  herds  have  occupied 
these  places  no  one  can  tell,  but  long  enough  to  pro<Juce  such 
changes  as  well-known  laws  would  indicate.  They  are  smaller, 
have  finer  hair  and  darker  color,  and  have  more  activity  and 
sprightliness  than  their  kindred  of  the  plain.  But  it  would  be 
safe  to  predict  a  rapid  disappearance  of  all  these  variations,  should 
they  be  driven  out  to  feed  in  the  broad  level  prairies.  The 
changes  in  these  mountain  bison  are  as  great  as  the  laws  lead  us 
to  suspect,  should  they  remain  in  their  present  homes  indefinitely. 
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Should  they  migrate  they  can  find  no  possible  location  that  would 
increase  their  variations  ;  each  new  place  would  turn  them  back  to 
their  normal  types.  There  are  some  important  facts  pertaining 
to  the  distribution  of  the  American  bison,  showing  he  has  limited 
capacities  for  migrations.  All  the  facts  known  of  the  above- 
named  mountain  herds  show  that  the}'  confine  themselves  to  very 
limited  areas.  They  never  go  beyond  the  limits  of  a  cluster  of 
spurs  or  a  range  of  peaks,  and  hunters  seldom  fail  to  find  them 
in  a  single  day. 

Benton  says  that  "Buffaloes  are  the  best  engineers."  They  show 
great  skill  in  selecting  routes  and  unflinching  perseverance  in  fill- 
ing up  chasms  and  quagmires  with  their  own  bodies.  But  they 
seldom  cross  the  Rocky  Mountains,  though  his  trail  leads  hard  by 
passes  over  which,  unimproved,  one  could  drive  his  carriage.  The 
numerous  skulls  whitening  along  the  Deer  Lodge  Pass,  and  down 
the  valleys  of  the  Silver  Bow  and  Deer  Lodge  towards  the  Colum- 
bia, show  that  multitudes  once  crossed  and  perished.  Why? 
Their  annual  migrations  north  through  the  Bad  Lands,  and  across 
the  Missouri,  are  obstructed  by  obstacles  a  thousand-fold  more 
formidable  so  far  as  we  can  now  see.  There  can  be  then  no  topo- 
graphical reason  why  they  may  not  cross  the  Rocky  Mountains, 
and  there  must  be  some  cause  not  as  yet  understood.  The  skulls 
over  the  Deer  Lodge  Pass,  and  beyond  in  the  Silver  Bow,  prove 
that  they  did  cross  once  at  least,  and  that  thousands  of  them  per- 
ished and  have  left  no  representatives  on  the  western  slope. 

These,  and  other  facts  connected  with  the  American  bison,  show 
his  migrations  to  be  limited,  and  that  nothing  but  the  great  Yellow- 
stone Park  can  save  him  from  extinction.  There  is  no  hope  of  a 
new  species  even  from  the  mountain  variety.  In  this  connection 
we  may  ask  why  the  elephant  and  mastodon  died  out  on  this  con- 
tinent during  the  terrace  period?  They  had  a  genial  climate, 
abundant  forage,  and  none  to  make  them  afraid,  and  yet  they 
perished  miserably,  putting  an  end  to  the  most  important  dynasty 
on  the  continent. 

Hybrids  have  played  an  important  part  in  the  discussion  of  this 
theory.  Those  produced  in  cultivation  are  made  most  prominent ; 
where  as  those  occurring  in  the  wild  state  ought  to  give  us  more 
reliable  data  for  deductions.  The  fact  that  the  wild  hybrids  are 
comparably  few  should  caution  us  against  giving  the  artificial 
ones  too  much  prominence.  Hybrids  are  very  closely  connected 
with  our  theory  by  two  recognized  facts : 
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1.  As  a  rule  hybrids  are  barren,  especially  those  produced  in 
the  natural  state. 

2.  The  fruitful  hybrids  usually  manifest  a  tendency  toward 
one  or  the  other  of  the  parent  species. 

We  have  a  good  illustration  among  our  American  oaks. 

The  Bartram  oak  was  doubtless  a  hybrid  of  Q.  pliellos  and  Q. 
tinctoria  or  Q.  coccinia.  This  oak  was  fruitful,  and  all  the  trees 
known  as  grown  from  its  seeds  are,  according  to  Nuttall,  well 
marked  Q.  phelloa^  showing  an  entire  return  from  a  variety  so 
marked  as  to  be  pronounced  a  species  by  Michaux,  in  the  fii-st 
generation. 

Another  hybrid  called  Lee's  Oak,  and  similar  to  Bartram's,  was 
discovered  near  Cincinnati,  and  still  another  by  myself  near  Boon- 
ville,  Mo.  These  are  doubtless  hybrids  of  Q.  imbricaria  and  Q. 
tinctoria  or  Q.  coccinia.  These  hybrids  must  be  very  rare,  though 
the  parent  species  grow  together  over  vast  areas  of  our  country. 
The  hope  of  a  species  from  the  interesting  Bartram  oak,  or  even  a 
healthy  variety,  has  been  destroyed  by  the  death  of  the  founder 
of  the  line,  and  the  return  of  the  offspring  to  one  of  the  parent 
species.  We  may  expect  Lee*s  oak  and  my  own  to  perish  in  their 
efforts  to  found  a  dynasty. 

I  once  discovered  the  most  beautiful  of  Trilliums.  It  was  new, 
and  it  was  my  first  chance  for  immortality.  I  named  it  CUaveland- 
tcum,  and  sent  it  to  Dr.  Gray  and  all  the  botanists.  But  Dr. 
Gray's  science  detected  the  pretender,  melted  the  wax  from  my 
wings,  and  let  me  down  into  the  sea  of  despair.  The  shock  gave 
resolution.  The  plants  were  distributed  to  the  best  cultivators. 
I  watched  over  them,  determined  to  make  a  species,  with  as  much 
care  as  Darwin  would  over  a  hybrid  between  a  Chimpanzee  lady 
and  a  Bushman.     All  in  vain.     That  species  died  out  too. 

My  experience  in  wild  hybrids  is  not  such  as  to  give  me  much 
confidence  in  their  ability  to  found  species. 

The  theory  implies  development  in  the  ascending  rather  than  in 
the  descending  scale — up  from  a  protozoan  to  man — contrary  to 
the  common  opinion  that  the  downward  is  the  easy  sliding  scale. 
Among  all  animate  things,  the  changes  are  as  often  downward  as 
upward.  This  is  especially  true  of  cultivated  species.  The 
cereals,  fruits,  dogs  and  horses,  all  deteriorate,  unless  special 
efforts  are  made  to  keep  them  up. 

Of  fossil  species,  where  we  can  trace  them  from  the  beginning 
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to  the  end,  it  is  doubtful  whether  they  improve.  Genera,  families, 
natural  orders,  and  classes  in  the  animal  kingdom  do  as  a  whole 
improve  for  a  time  and  then  degenerate  and  perish  miserably. 
The  genus  Cyrtia  is  the  only  exception  remembered.  It  terminates 
with  one  of  its  noblest  species.  Lingvla^  TerebrcUula  and  Rhyn- 
chon^lla^  which  have  lived  from  the  lower  Silurian  to  the  present, 
all  improved  through  long  cycles  and  thence  deteriorated  down  to 
the  present. 

The  same  law  seems  to  have  pertained  in  the  human  family. 
Races,  nations,  clans,  and  families  rise  and  fall  according  to  the 
same  law.  The  examples  are  too  numerous  and  too  familiar  to 
need  specifications.  The  only  important  exceptions  are  such  as 
have  had  important  external  aids,  or  such  as  have  not  yet  com- 
pleted the  usual  destined  courses.  Yet,  in  nearly  all,  the  indi- 
cations of  decline  are  obvious,  while  the  others  are  sliowing  no 
important  departui^s  from  the  normal  stock. 
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This  following  titles  of  papers  read  in  Section  B  include  those 
accepted  by  the  committee  for  publication  in  full,  but  of  vrhicb 
the  authors  have  failed  to  send  copy,  as  well  as  those  which  the 
committee  decided  should  be  printed  b}*^  title  only : 

Architecture  of  the  American  Aborigines.    Section  1,  Archi- 

TEGTURB  of  THE  NORTHERN  AND  PARTIALLY  ViLLAGE  IN- 
DIANS. Section  2,  Architecture  of  the  Village  Indians 
OF  New  Mexico,  Mexico,  and  Central  America.  By  L. 
II.  Morgan,  of  Rochester,  N.  Y. 

Relation  of  Dentalium.  By  Edward  S.  Morse,  of  Salem, 
Mass. 

On  the  Age  and  Structure  of  the  Cincinnati  Anticlinal. 
By  J.  S.  Newberry,  of  New  York,  N.  Y. 

On  some  Paleozoic  Fishes  from  the  Rocks  of  Ohio.  By  J. 
S.  Newberry,  of  New  York,  N.  Y. 

Zones  of  Parallel  Lines  of  Elevation  in  the  Earth's  Crust. 
By  Angus  Ross,  of  Halifax,  Canada. 

On  the  Marble  Deposits  of  Pottsford,  Vermont.  By  J.  S. 
Newberry,  of  New  York,  N.  Y. 

Exhibition  of  Crystals  of  Sapphire  from  Ceylon,  with  brief 
remarks  on  their  formation.  By  A.  C.  Hamlin,  of  Bangor, 
Me. 

Exhibition  of  a  Collection  of  Gems,  with  brief  remarks.  By 
A.  C.  Hamlin,  of  Bangor,  Me. 

The  Salt  Deposits  of  Ontario.    By  T.  Sterry  Hunt,  of  Boston, 

Mass. 

Means  of  determining  the  Stratigraphical  Order  of  Seams  of 
Coal  in  Ohio,  Kentucky,  etc.     By  E.  B.  Andrews,  of  Lan- 
caster, Ohio. 
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Concerning  Htaloneha.     By  Sahcel  Lockwood,  of  Freehold, 
N.J. 

One  means  of  Distinguishing  between  Vegetable  and  Animal 
Life.     By  T.  S.  Lambert,  of  New  York,  N.  Y. 

Natural  Features  of  the  United  States  National  Park  in  the 
Rocky  Mountains.     By  Josiah  Curtis,  of  Washington,  D.C. 

Animal  Organology.    By  Tbeo.  C.  Hilgard,  of  St.  Louis,  Mo. 

Some  Botanical  Contrasts  of  Portland  with  New  York  City. 
By  James  Hyatt,  of  Stanfordville,  N.  Y. 

On  Spiders.     By  W,  L.  Coffinberry,  of  Grand  Rapids,  Mich. 

Exhibition  of  Marl  Fossils  from  New  Jersey,  near  the  coast. 
By  Lewis  Fkuchtwanger,  of  New  York,  N.  Y, 
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EXECUTIVE  PROCEEDINGS 

OF 

THE  POETLAND  MEETING. 


HISTORY  OF  THE  MEETING. 

The  Twenty-second  Meeting  of  the  American  Association  for 
the  Advancement  of  Science  was  held  at  Portland,  Maine,  com- 
mencing on  Wednesday,  August  20,  1873,  and  closing  on  the  fol- 
lowing Tuesday. 

One  hundred  and  ninety-five  members  signed  the  register,  but 
this  does  not  represent  the  full  number  in  attendance,  as  it  is  known 
that  many  members  who  were  present  and  paid  their  assessments 
neglected  to  sign  the  register.  One  hundred  and  ten  new  members 
were  elected,  of  whom  ninety- seven  have  paid  the  admission  fee 
and  assessment  for  the  meeting,  and  their  names  have  been  incor- 
porated into  the  list  of  members.  One  hundred  and  fifty-seven 
titles  of  papers  were  entered  on  the  general  list :  of  these,  three 
were  afterwards  withdrawn  by  their  authors ;  eight  did  not  pass 
the  Standing  Committee,  owing  to  the  non-compliance  of  the 
writers  to  the  rule  requiring  either  the  paper  or  an  abstract  to  be 
sent  in ;  two  papers  were  referred  to  be  read  in  General  Session  ; 
sixty-nine  were  assigned  to  Section  A,  and  seventy-five  to  Section 
B.  Most  of  the  papers  referred  to  the  sections  by  the  Standing 
Committee  were  allowed  a  place  on  the  daily  programme.^ 

I  The  committee  refused  to  accept  for  publication  a  few  of  the  papers  read,  on  the 
ground  that  they  had  already  been  printed.  The  committee  would  be  relieved  of  some 
unpleasant  work  if  it  were  more  generally  known  that  tl)e  publication  of  a  paper  in 
any  form,  before  presenting  it  to  the  Association,  would  be  considered  under  prece- 
dent, though  not  under  rule  of  the  Association,  as  practically  excluding  it  firom  the 
consideration  of  the  committee. 

While  mentioning  the  papers  read  before  the  Association  I  wish  to  caU  attention  to 
the  great  loss  which  is  annually  experienced  from  the  present  inability  of  the  Asso- 
ciation to  employ  official  phonographic  reporters  to  write  out  the  discussions  which 
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The  rooms  in  the  City  Building,  placed  at  the  disposal  of  the 
Association  by  the  City  Government,  were  very  convenient  and 
furnished,  under  one  roof,  all  the  accommodations  desired  for  gen- 
eral and  sectional  meetings  and  committee  rooms. 

The  Standing  Committee  held  its  preliminary  meeting  on  Tues- 
day evening,  the  19th  of  August,  and  during  the  session  regular 
meetings  were  held  from  nine  to  ten  o'clock,  a.  m.  daily.  Two 
special  meetings  of  the  committee  were  also  held. 

The  Twenty-second  Meeting  was  regularly  organized  in  Gen" 
eral  Session  at  ten  o'clock,  a.  m.,  on  Wednesday,  August  20th. 
In  the  absence  of  President  Smith,  and  Vice  President  Winchell, 
Professor  Levering,  the  President  elect,  took  the  chair.  After  a 
few  remarks  by  the  President,  prayer  was  offered  by  the  Rev.  Dr. 
Hill  of  Portland,  who  afterwards  addressed  the  Association  in  be- 
half of  the  Committee  on  Reception. 

President  Lovering  then  addressed  the  Association  as  follows : 

Gentlemen  and  Ladies  of  the  American  Association  for  the 
Advancement  of  Science: 

I  know  that  you  must  regret  that  the  distinguished  member  from 
Kentucky  who  presided  over  your  deliberations,  last  year,  with  ex- 
ceeding grace  and  dignity,  is  now  absent  in  Vienna,  serving  science 
and  his  country  in  another  capacity,  instead  of  being  present  with 
us  on  tliis  occasion  ;  and  certainly  no  one  can  regret  his  absence 
so  much  as  I  myself  do.  Were  he  with  us,  I  am  sure  that  he 
would  heartily  and  happily  discharge  the  duty,  which,  of  late  years, 
has  been  assigned  to  the  retiring  President,  of  congratulating  the 
members  of  the  Association  on  another  of  their  annual  gather- 
ings, and  organizing  the  business  of  a  new  meeting.  I  am  no 
orator  as  he  is ;  and  you  may  sadly  miss  the  ready  and  persuasive 
words  which  you  have  been  accustomed  to  hear  from  the  chair. 

In  fully  surrendering,  as  I  have  now  done,  the  office  and  the 
duties  of  your  Permanent  Secretary,  which  I  have  sustained  dur- 

take  place,  many  of  them  of  great  Importance  and  often  placing  a  paper  that  has  been 
read  in  a  difTerent  light  from  that  in  which  it  appears  when  printed  withont  the  disons- 
BionB,  and  it  is  greatly  to  be  hoped  that  the  means  may  soon  be  secured  by  which  this 
very  desirable  end  may  be  accomplished.  Mr.  Wheildon  has  alluded  to  this  and  other 
matters  in  a  communication  which  he  has  sent  to  the  office  of  the  Permanent  Secretary 
since  the  meeting,  auti  as  it  contains  views  on  a  number  of  points  of  interest  to  mem- 
bers of  the  Association,  it  is  at  his  request  printed  as  an  appendix  to  this  history  of  the 
meeting. 
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ing  fourteen  meetings  of  the  Association,  I  feel  a  great  burthen 
removed  from  my  shoulders  which  pressed  lieavily  upon  them  not 
only  at  the  time  of  our  annual  meetings,  but  during  the  whole 
year,  and  which  has  prevented  me  from  contributing  as  largely  as 
I  could  wish  to  the  scientific  wealth  of  the  Association.  Never- 
theless, my  heart  compels  me  to  say  that  my  old  office  brought  me 
into  intimate  relations  with  the  members,  of  so  agreeable  a  nature 
that  I  have  been  slow  to  relinquish  them,  and  your  kindness  and 
forbearance,  uniformly  extended  to  me,  have  made  my  yoke  easy 
and  my  burthen  light.  To  the  same  kindness  and  forbearance  I 
am  indebted,  and  not  to  any  scientific  merits  which  I  can 
claim,  for  the  opportunity  I  now  enjoy  of  retiring  from  the  posi- 
tion which  I  held  so  long,  through  that  dignified  and  ornamental 
portal  over  which  is  inscribed  President  of  the  Association;  and 
which  has  been  trodden  by  illustrious  predecessors.  I  can  sin- 
cerely congratulate  you  on  the  opening  of  a  new  era  in  the  business 
of  the  Association,  now  that  the  duties  of  Permanent  Secretary 
are  transferred  to  younger  and  stronger  shoulders,  full  of  hope 
and  vigor,  and  eminently  fitted  to  bear  even  their  multiplied 
weight. 

I  remember  on  this  occasion  that  if  the  age  of  this  Association 
is  to  be  measured  by  the  number  of  its  meetings,  it  is  twenty- 
one  years  old.  It  has  survived  the  feebleness  of  infancy  ;  it  has 
outlived  the  perils  and  the  inexperience  of  youth,  and  is  of  age. 
Now  that  it  has  become  a  man,  we  may  demand  of  it  that  it  put 
away  childish  things,  if  there  have  been  any  such  in  its  former 
proceedings.  We  fondly  trust  that  its  past  career  has  not  been 
useless  and  we  hope  that  it  ma}' exhibit  in  the  future  a  still  severer 
science  and  a  higher  wisdom.  May  the  years  of  its  manhood  be 
begun  and  continued  in  such  a  way  that  its  old  age  and  decline 
will  never  come ! 

We  have  listened,  with  great  interest  and  satisfaction,  to  the 
statements  which  have  been  made  by  the  Rev.  Dr.  Hill,  in  behalf 
of  the  Local  Committee  and  the  citizens  of  Portland,  and  we 
deeply  feel  that  the  disinterested  zeal  displayed  by  them  in  pro- 
viding for  our  comfort  and  pleasure,  and  in  anticipating  all  our 
wants,  while  exciting  our  heartfelt  gratitude,  can  only  be  repaid 
by  an  equal  zeal  and  disinterestedness  on  our  part  in  the  cause 
which  has  brought  us  together  and  which  can  alone  justify  the 
trouble  which  we  have  given  to  them. 
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The  usual  business  was  then  accomplished,  including  the  report 
of  the  General  Secretary,  the  election  of  six  members  to  the 
Standing  Committee,  and  the  election  of  new  members. 

The  Permanent  Secretary  read  brief  notices  of  the  following 
members,  information  of  their  decease  having  been  received  since 
the  last  meeting. 

Prof.  John  B.  Perry,  of  Cambridge,  Prof.  John  F.  Frazer,  of 
Philadelphia,  Dr.  Henry  C.  Perkins,  of  Newburyport,  Prof.  James 
Henry  CofDn,  of  Easton,  Pa.,  Dr.  John  Torrey,  of  New  York, 
Miss  S.  L.  Blatchley,  of  Chicago,  Prof.  Wm.  S.  SuUivant,  of 
Columbus,  Ohio,  Judge  Thomas  Belden  Butler,  of  Norwalk,  Conn. 
Col.  John  Wells  Foster,  of  Chicago,  Dr.  G.  A.  Maack,  of  Cam- 
bridge, Mr.  Mark  Fisher,  of  Trenton,  N.  J,,  Mr.  Isaac  Ferris,  of 
New  York,  Mr.  J.  O.  Noyes,  of  New  Orleans.  Of  these,  the  names 
of  Torrey,  Foster,  Coffin,  Frazer  and  Perkins  will  be  found  en- 
rolled as  original  members,  and  Professor  Torrey  and  Colonel 
Foster  as  having  been  honored  with  the  highest  gifts  of  the  Asso- 
ciation. 

On  the  recommendation  of  the  Standing  Committee,  a  com- 
mittee was  appointed  to  report  on  a  revision  of  the  Constitution. 
The  Session  then  adjourned  to  meet  in  Sections.  The  sections,  A 
and  B,  were  at  once  organized  and  several  papers  were  read. 

In  the  evening  a  formal  reception  of  the  Associtiiion  by  the 
citizens  took  place  in  the  City  Hall ;  the  Hon.  George  P.  Westcott, 
Mayor,  in  the  chair.  The  Hon.  Benjamin  Kingsbury,  Jr.,  Ex- 
Mayor  and  chairman  of  the  Local  Committee,  gave  the  following 
address  of  welcome : 

Mr.  President,  Ladies  and  Gentlemen  of  the  Association  for 
THE  Advancement  op  Science  : 

The  agreeable  diity  of  tendering  to  you  this  public  expression 
of  the  cordial  good  will  of  the  citizens  of  Portland  towards  you 
personally,  and  your  distinguished  organization,  has  been  assigned 
me  by  his  honor,  the  Ma3'or,  and  the  Local  Committee. 

During  the  long  period  of  your  existence  as  an  Association  one 
emphatic  word  has  been  the  key-note  of  your  reception  wherever 
you  have  lield  your  sessions,  and  that  word  is  welcome.  I  would 
that  I  could  find  some  other  equally  expressive  word  to  indicate  the 
sentiment  of  our  citizens.  But  though  our  grand  and  flexible  and 
copious  language  ordinarily  aflTords  a  broad  field  of  expression, 
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I  am  neveilheless  remanded  back  to  that  old  fashioned  and  time- 
worn  word. 

I,  therefore,  Mr.  President  and  Ladies  and  Gentlemen,  extend 
to  you  in  behalf  of  Portland,  its  citizens,  its  women  as  well  as  its 
men,  its  old  men  and  children,  its  young  men  and  maidens,  a  cor- 
dial welcome  to  our  city,  in  no  formal  and  perfunctory  sense,  but 
genuinely  from  our  hearts. 

We  deem  the  assembly  of  your  body,  in  our  city,  composed  as 
we  know  it  to  be,  of  the  profoundest  students  and  best  educated 
men  of  our  country,  as  among  the  highest  honors  ever  conferred 
upon  Portland,  and  we  now  and  here  thank  you  for  it. 

The  work  of  your  Association  is  not  unknown  to  us.  You  have 
remodelled  and  are  remodelling  the  text-books  of  science  and 
making  them  enticing  to  youthful  minds  as  well  as  to  those  of 
more  maturity. 

You  are,  by  your  straightforward  and  diligent  searches  after 
truth,  wherever  it  may  be  found,  and  thrusting  aside  preconceived 
ideas  and  ancient  traditions,  working  a  wholesome  influence  upon 
the  thought  of  all  classes  of  society,  thereby  banishing  the  haughty 
pride  and  self-satisfaction  of  prejudice,  and  making  men  humble 
with  the  humility,  not  of  superstition,  but  of  true  wisdom. 

You  are  opening  their  minds  to  the  reception  of  divine  knowl- 
edge, thus  enabling  them  to  make  right  progress  over  paths  which 
will  not  have  to  be  retraced. 

You  are  doing  even  more  than  all  this.  You  are  vindicating 
the  "Ways  of  God  to  man."  You  are  opening  the  book  of  nature, 
sealed  heretofore  with  seven  seals,  written  within  and  without,  and 
exposing  to  view  its  heavenly  teachings ;  showing  to  timid  souls 
that  occult  natural  law,  the  better  it  is  understood,  but  exalts  the 
more  "Him  who  is  all  in  all." 

One  of  the  incidental  uses  of  your  admirable  Association  is  its 
influence  upon  the  young  men  and  women  of  our  land.  You 
popularize  science,  so  that  those  who  are  coming  after  us  will  more 
and  more  feel  the  force  of  your  example  and  more  and  more  will 
follow  it. 

We  are  not  unmindful  of  the  fact,  Mr.  President  and  Gentlemen, 
that  Portland  has  been  indebted  to  members  of  your  Association 
more  than  once  for  important  services.  We  have  in  mind  an  illus- 
'tration  directly  to  the  point,  which  I  beg  leave  to  state.  A  com- 
mission, consisting  of  Prof.  Pierce  (Superintendent  of  the  United 
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Coast  Survey),  and  Professors  Mitchell  and  Whiting,  chiefs  of  the 
departments  of  Hydrography  and  Topography,  respectively,  have 
Just  completed  an  impoitant  scientific  work  on  our  harbor,  of  the 
greatest  consequence  to  our  city,  and  to  such  other  sections  of 
our  country  as  are  benefited  by  the  use  of  and  interested  in  the 
preservation  of  that  harl)or  in  its  present  capacity.  From  a  sys- 
tem of  observations  upon  its  currents,  and  a  careful  inspection  of 
the  material  vvliich  constitutes  its  banks  and  bed,  they  have  told 
us  precisely  what  we  must  do  to  be  saved  from  its  deterioration  or 
destruction  as  a  first-class  port.  The  problem  they  have  worked 
out  is  one  purely  scientific  and  the  preservation  of  our  harbor,  if 
we  follow  their  instructions,  becomes  a  certainty.  Every  foot  of 
water  territory  and  of  flats,  that  it  is  safe  to  occupy  and  turn  into 
pro<luctive  real  estate,  they  have  given  us,  reserving  the  rest  for 
the  benefit  of  commerce,  thus  harmonizing  the  interests  between 
land  and  water  without  waste  or  sacrifice  to  either.  Here  is  a 
direct  utilisation  of  the  highest  kinds  of  science,  such  as  your 
Association  are  pursuing. 

We  have  welcomed  you  to  Portland  with  somewhat  of  excusable 
pride  in  its  harbor,  its  bay,  its  islands,  its  surrounding  mountains, 
and  its  free  and  healthful  air ;  an  excusable  pride  because  we 
show  it  to  you  as  God,  the  author  of  all  beautiful  things,  made  it, 
and  not  we  ourselves.  You  have  come  to  a  state  which  borders 
the  eastern  extremity  of  the  continent,  and  is  known  more  by  its 
location  and  its  limited  productions,  than  by  historical  renown. 
Yet,  let  me  remind  you,  ladies  and  gentlemen,  that  Maine  was 
originally  a  part  of  Massachusetts,  and  whatever  of  honor  belongs 
to  that  ancient  commonwealth  belongs  in  part  to  us.  We  have 
absorbed  much  of  her  ideas  of  religion,  education,  law  aiid  morals, 
improving  thereon,  we  hope,  as  occasion  might  ofier. 

Maine  presents  the  largest  water  power,  probably,  on  this  con- 
tinent. Its  bosom  is  laden  and  almost  bursting  with  mineral  val- 
ues. Its  soil  is  rich,  and  its  fields  teem  with  cereal  wealth ;  and 
the  time  is  rapidly  approaching  when  we  shall  be  able  to  satisfy 
the  most  skeptical  that  Plymouth  Rock  has  no  just  claim  to  its 
historical  eminence,  but  that  on  the  shores  of  Maine,  people  of 
England  landed  and  settled  years  before  the  keel  of  the  Mayflower 
was  cut  from  the  forest. 

Mr.  President,  I  renew  the  words  of  welcome  with  which  I  com-, 
menced.     I  assure  you  that  the  citizens  of  Portland  will  do  all  in 
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their  power  to  make  your  visit  agreeable,  and  I  trust  that  when 
you  leave  us  it  will  be  only  with  pleasant  memories. 

President  Lovering  replied  in  behalf  of  the  Association  as  fol- 
lows: 

Mr,  Mayor:  The  stupendous  pendulum  of.  this  Association 
weighted  with  its  heavy  load  of  members,  in  its  annual  oscillation 
backward  and  forward  over  the  continent,  from  Canada  to  South 
Carolina,  from  the  rock-bound  shores  of  New  England  to  the 
western  prairies,  has  at  last,  in  its  ever-lengthening  swing,  reached 
the  most  easterly  state  of  the  Union ;  and  the  da}^  may  not  be 
very  remote,  when,  in  one  of  its  westerly  movements,  it  shall  touch 
the  Pacific.  After  cooling  ourselves  one  year  with  the  bracing 
air  of  the  Atlantic,  or  the  refreshing  breezes  of  our  northern 
lakes,  we  have  gained  courage  to  bask  under  the  hot  skies  of 
some  western  city ;  but  we  have  always  found  there  one  thing 
warmer  than  its  burning  sun,  and  that  was  the  great  heart  of  the 
people  by  whom  we  were  welcomed  and  entertained.  For  the 
present,  we  congratulate  ourselves  that  by  the  kindness  and  hos- 
pitality of  the  citizens  of  Portland,  prompt  to  second  the  wishes 
of  the  Association  and  of  its  Standing  Committee,  we  are  assem- 
bled in  this  polished  and  elegant  city,  and  in  a  neighborli.ood  which 
has  no  rival,  if  indeed  it  has  its  peer,  for  natural  scenery  of  moun- 
tain and  sea- view,  of  rocks  and  beach,  of  lakes,  rivers  and  sea-girt 
islands. 

The  circular  of  your  Local  Committee  has  given  us  a  foretaste 
of  the  rich  and  varied  banquet  which  has  been  prepared  to  feed 
our  intellects  and  to  gratify  our  tastes.  We  are  within  easy  reach 
of  mountains  of  unutterable  grandeur,  the  glacier  scratchings  upon 
whose  backs  neither  time  nor  any  convulsion  of  nature  can  oblit- 
erate, and  which  will  charm  us  all  equally,  though  in  a  different 
way,  whether  we  go  to  them  with  the  hammer  of  the  geologist  or 
without  it.  A  few  hours'  journey,  by  sail  or  steam,  over  waters 
themselves  phosphorescent  with  wonderful  life,  will  bring  us  to 
spots  where  we  may  examine  for  ourselves  the  dredgings  of  the 
deep  sea,  as  they  arise  fresh  from  their  home  in  the  waters. 
Should  we  have  time  to  venture  farther  from  our  place  of  meet- 
ing, we  may  visit  that  wonder  of  nature,  Mt.  Desert,  where  moun- 
tains nearly  2000  feet  high  dip  almost  into  the  sea ;  where  ocean 
and  mountain  scenery  mingle  in  strange  confusion,  and  ocean  .and 
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mountain  breezes  mix  every  year  an  exhilarating  draught  for  a 
thousand  delighted  visitors.  To  crown  all  the  beauty  and  sublim- 
ky  of  the  spot,  the  aurora,  with  almost  arctic  frequency,  shoots  up 
its  tinted  beams  from  the  northern  horizon  or  springs  a  bow  of  sil- 
ver light  across  the  sky  from  east  to  west.  The  circular  of  the 
Local  Committee  informs  us  that  ample  provision  has  been  made 
for  excursions,  by  land  or  water,  to  many  of  these  interesting 
places,  more  even  than  the  time  allotted  to  one  of  our  meetings, 
and  the  other  objects  of  the  Association,  may  allow  us  to  enjoy. 

I  said,  the  other  objects  of  this  Association.  Let  me  add  that 
this  Association  has  but  one  object,  and  that  is  proclaimed  upon 
the  title-page  of  its  Proceedings.  It  is  the  Advancement  of  Sci- 
ence in  this  great  country.  The  Association  now  comprises  a 
constituency  of  more  than  500  members.  Few  of  us  can  aspire 
to  the  honor  of  being  discoverers  of  the  laws  of  nature,  in  the 
high  sense  of  that  phrase.  But  no  one,  however  humble  his  capac- 
ities, or  however  limited  his  opportunities,  who  labors  for  science, 
%vill  fail  to  advance  it  and  be  rewarded  by  it.  We  meet  together 
from  year  to  year,  the  veterans  in  science,  with  the  younger  aspi- 
rants for  distinction,  and  many  more  who  long  to  catch  the  earliest 
tidings  of  the  last  word  which  science  has  to  say  in  regard  to  the 
earth  under  our  feet  or  the  stars  above  us ;  a  few  to  speak  but 
many  more  to  listen,  but  each  doing  his  part  to  advance  science, 
either  by  active  research  or  encouraging  sympathy.  Our  brief 
meetings  allow  us  no  leisure  to  listen  to  what  is  old  or  to  what  may 
be  read  in  books,  or  to  glittering  generalities  or  ingenious  specu- 
lations on  the  universe,  unsupported  by  evidence  and  individual 
investigation.  But  any  new  fact,  however  microscopic,  any  new 
investigation,  whether  it  concerns  a  planet  or  an  atom^  any  new 
experiment  by  which  a  law  of  nature  is  made  more  palpable  and 
convincing,  finds  with  us  a  ready  welcome. 

We  leave  to  other  Associations  the  business  of  diffusing  knowl- 
edge among  men.  The  press,  with  its  thousand  arms  and  its  mil- 
lion tongues,  can  do  it  better  than  any  Association.  Neither  do 
we  concern  ourselves  with  the  utility  of  the  truths  which  are  com- 
municated at  these  meetings.  If  they  have  no  immediate  practical 
application  it  is  suQkient  for  us  that  they  are  true  and  reveal  the 
plans  of  the  Creator.  If  they  have  any  commercial  value  there 
are  men  enough  in  the  community  to  profit  by  them.  It  is  impos- 
sible for  the  man  of  science  to  serve  two  masters,  the  Kingdom  of 


Digitized  by  VjOOQIC 


EXECUTIVE   PROCEEDINGS.  419 

Nature  and  Mammon.  It  is  a  dangerous  thing  for  him  to  be  think- 
ing of  the  utility  of  his  discoveries  or  of  the  pecuniary  profit  which 
may  be  made  out  of  them.  Tlie  study  of  the  money  market  unfits 
him  for  communion  with  nature.  When  Faraday  found  that  allur- 
ing avenues  were  opening  before  him  by  which  he  could  easily  amass 
a  fortune,  he  abandoned  all  semi-scientific  avocations,  and  surren- 
dered himself,  unreservedly,  to  his  high  calling.  In  this  way  he 
made  science  honorable  and  honored.  Thus  he  was  able  to  hold  an 
imperial  sway  over  the  hearts  and  intellects  of  his  generation,  and 
when  he  bade  a  final  farewell  to  the  laboratory  of  the  Royal  In- 
stitution of  Great  Britain,  on  the  20lh  of  June,  1862,  his  relin- 
quishment of  active  scientific  work  was  followed  by  one  universal 
pang  of  grief  throughout  the  world  of  science.  We  can  sympa- 
thize with  the  sentiment  of  Tyndall  in  giving  his  reluctant  consent 
that  the  narrow  quarters  and  restricted  appointments  of  this  In- 
stitution, made  sacred,  as  they  were,  by  the  labors  of  Young, 
Davy  and  Faraday,  should  be  dismantled,  even  though  they  were 
to  be  renovated  and  enlarged  in  order  to  provide  material  accom- 
modation for  that  vast  horizon  of  truth  which  his  revered  prede- 
cessors had  done  so  much  to  open  up  to  the  human  mind. 

Eripuit  fulmen  ccelis^  scepti^mque  tyrannis  is  a  fine  phrase  to 
catch  the  public  ear.  But  it  is  not  the  lightning-rod  which  has 
made  the  name  of  Franklin  immortal  in  science,  but  his  experi- 
mental researches  in  electricity,  and  the  theoretical  conclusions 
which  he  built  upon  them.  Davy's  device  to  protect  the  copper 
sheathing  of  vessels,  and  even  his  safety-lamp,  may  be  for  various 
reasons  of  doubtful  utility  ;  the  studied  and  almost  theatrical  elo- 
quence with  which  he  expounded  his  discoveries  before  fashionable 
audiences  in  London  may  be  forgotten  ;  but  the  solid  contributions 
which  he  made  to  our  knowledge  of  physics  and  chemistry  will  be 
remembered  as  long  as  human  language  shall  be  read  and  under- 
stood. 

I  would  not  say  a  word  to  depreciate  the  merits  of  the  men  who 
are  striving  to  render  science  subservient  to  the  conveniences  and 
elegances  of  life,  and  to  make  the  homes  of  the  poor  more  com- 
fortable and  even  more  luxurious  than  were  formerly  the  palaces 
of  princes.  All  honor  to  the  inventors  of  the  human  race  who 
have  followed  close  upon  the  heels  of  the  discoverer,  and  have 
harnessed  the  forces  of  nature,  gravity,  chemical  action,  light, 
heat,  electricity  and  magnetism,  to  their  curious  and  multiform 
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machines.  But  their  merits  are  sure,  sooner  or  later,  to  be  recog- 
jiized.  For  all  the  labor  of  their  brains,  for  all  their  anxious 
waiting  and  watching,  for  all  their  long  delay  and  disappoint- 
»ment,  they  have  their  exceeding  great  reward.  The  benefits  which 
they  confer  npon  mankind  are  too  obvious  to  be  overlooked,  and 
too  marketable  to  be  underestimated.  But  the  foundation  of  all 
these  manifold  inventions  is  laid,  under  ground  and  out  of  sight 
perhaps,  in  scientific  investigations  into  the  laws  of  nature. 
While  we  admire  the  height  and  beauty  of  the  pinnacle,  let  us 
not  forget  the  corner-stone,  however  old,  or  unhewn,  or  unsightly. 
There  never  could  have  been  a  Morse,  a  Wheatstone  or  a  Stein- 
heil,  unless  there  had  first  been  a  Henry,  a  Faraday,  a  Volta  and 
a  Franklin. 

In  this  country,  where  fortunes  are  so  rapidly  made  and  so  pro- 
fusely spent,  where  material  splendor  dazzles  and  bewilders,  where 
the  discoverer  of  comets  and  planets  must  look  to  the  King  of 
Denmark  or  to  the  French  Academy,  and  not  to  his  own  country-, 
for  the  laurels  which  he  wears,  the  temptation  is  strong  to  forsake 
the  uncompensating  labors  of  severe  investigation  for  the  cash 
payments  of  practical  science.  Nevertheless,  there  are  men 
among  us,  and  they  are  more  numerous  than  the  remarks  of  Mr. 
Tyndall  in  New  York  would  seem  to  imply,  mathematicians,  ph3s- 
icists,  chemists,  geologists,> botanists,  zoologists,  who  pursue  sci- 
ence for  the  love  of  science  ;  and  these  men  are  the  pride  and  glory 
of  this  Association.  What  was  said  of  one  such  man  may  be  said 
of  all  of  them.  "  The  world  hears  but  little  of  tliem  at  the  time, 
they  neither  strive  nor  cry  in  the  streets,  but  their  labors  remain 
as  imperishable  as  the  genius  which  inspires  them." 

Because  the  Association  is  dedicated  to  this  high  object,  because 
a  goodly  portion  of  its  members  devote  their  lives  to  the  disinter- 
ested pursuit  of  truth,  and  because  the  results  of  their  researches 
not  only  ennoble  their  authors,  but  react  upon  the  community  to 
elevate  its  tone  of  thought  and  to  enlarge  the  compass  of  its 
knowledge,  this  Association  has  been  received  with  open  arms  by 
the  best  men  in  every  community  which  it  has  visited,. 

And,  Mr.  Mayor,  the  welcome  which  has  now  been  extended  to 
us  so  cordially  and  so  gracefully  by  your  predecessor.  Judge 
Kingsbury,  and  the  hospitalities  which  have  been  so  lavishly  prof- 
fered to  us,  we  receive  as  a  recognition  of  the  nobility  of  our 
aims,  however  frequent  our  shortcomings  in  practice,  and  also  as 
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a  stimulus  to  the  better  fulfilment  of  our  mission  in  the  future. 
The  enterprise  of  your  citizens,  displayed  not  merely  in  building 
railroads  and  establishing  lines  of  ocean-steamers,  but  also  in 
founding  schools  and  colleges ;  the  magnificence  of  your  harbor, 
rivalling,  if  not  surpassing,  those  of  London  or  Liverpool ;  the 
fame  of  your  judges  and  lawyers,  of  your  physicians  and  clergy- 
men ;  the  reputation  of  your  men  of  science  and  literature,  of 
your  statesmen,  orators  and  historians,  is  well  known  to  us.  And 
this  grand  greeting  which  we  have  just  received  assures  us  that 
there  are  also  here  an  intelligent  appreciation  of  high  pursuits 
and  an  exalted  public  spirit,  which  fires  have  not  been  able  to  burn 
out  nor  many  waters  to  quench. 

We  of  Massachusetts,  who  are  present  at  this  meeting,  expected 
to  find  ourselves  at  home  among  you.  We  remembered  the  words 
which  a  Governor  of  Massachusetts  uttered  when  Maine  first 
sprang  into  independent  existence  and  took  her  place  at  the  head 
of  the  roll-call  of  the  States,  and  which  have  been  repeated  in 
substance  in  the  address  of  welcome : — Is  she  not  bone  of  our 
bone  and  flesh  of  our  flesh  ?  And  I  am  sure  that  those  of  our  num- 
ber who  have  come  from  very  distant  abodes,  and  from  be3'ond  the 
limits  of  the  Union,  will  feel  before  they  leave  you  that  there  are 
no  aliens  in  science  ;  that  those  who  live  the  farthest  apart  may 
be  the  nearest  in  their  intellectual  aspirations:  that  we  are  a 
united  people  in  our  love  of  truth  as  we  now,  happily,  are  also  in 
our  institutions. 

Remarks  were  then  made  by  Hon.  J.  H.  Drummond  of  Portland, 
Hon.  L.  H.  Morgan  of  Rochester,  Dr.  J.  W.  Dawson  of  Montreal, 
Prof.  James  Hall  of  Albany,  Mr.  W.  W.  Wheildon  of  Concord, 
and  others. 

At  the  daily  general  sessions  considerable  business  was  trans- 
acted, and  on  the  recommendation  of  the  Standing  Committee 
several  resolutions  were  passed,  and  special  committees  appointed, 
as  elsewhere  given.  The  committee  on  a  revision  of  the  constitu- 
tion reported  and  were  discharged.  Their  report  was  accepted, 
and  the  Permanent  Secretary  was  ordered  to  print  the  same  and 
distribute  a  copy  to  each  member  of  the  Association. 

At  a  general  session  on  Thursday  evening,  the  paper  by  Mr. 
Hough  on  the  Preservation  of  Forests,  and  that  by  Mr.  Morgan 
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on  tlie  Architecture  of  the  American  Aborigii^s,  were  read  by 
special  assignment. 

The  general  session  of  Friday'  evening  was  especially  assigned 
for  the  delivery  of  the  Address  of  the  retiring  President,  but  on 
opening  the  session  President  Levering  read  the  following  letter, 
announcing  the  donation  of  one  thousand  dollars  from  Mrs. 
Elizabeth  Thompson  of  New  York  : — 

Portland,  Aug.  22,  1873. 
Mrs.  Elizabeth  Thompson  of  New  York  City,  to-day  elected  a 
member,  sympathizing  with  the  purposes  of  our  Association  in 
the  advancement  of  science,  and  seeing  the  new  crop  of  young 
and  industrious  scientific  investigators  who  are  to  form  the  future 
basis  of  this  Association  following  in  the  footsteps  of  the  vet- 
erans of  science  who  founded  it,  and  being  aware  of  the  financial 
difl^culties  which  often  beset  the  path  of  those  noble  men  of  sci- 
ence who  labor  more  for  truth  than  for  profit's  sake,  wishes  to 
place  at  the  disposal  of  the  Permanent  Secretary'  the  sum  of  one 
thousand  dollars,  to  be  used  according  to  the  directions  of  the 
Standing  Committee,  for  the  promotion  and  publication  of  such 
original  investigations  by  members  of  the  Association  as  may  be 
accepted  by  the  said  Standing  Committee,  to  be  published  by 
means  of  this  special  donation. 

[Signed]     P.  H.  Van  der  Wetdb. 

To  the  Standing  Committee  of  the  American 
Association  for  the  Advancement  of  Science. 

The  President,  after  alluding  to  this  first  considerable  donation 
to  the  Association,  offered,  in  behalf  of  the  Standing  Committee, 
the  following  resolutions  : — 

Resolved:  That  the  thanks  of  the  Association  be  presented  to 
Mrs.  Elizabeth  Thompson,  of  New  York  City,  for  her  noble  gift  of 
one  thousand  dollars,  and  equally  for  her  well  expressed  sympathy 
with  the  grand  object  of  this  Association,  viz.,  the  encouragement 
of  original  investigations  into  the  laws  of  nature,  and  the  publica- 
tion of  their  approved  results. 

Prof.  Alexis  Caswell,  in  seconding  the  resolution,  referred  to  the 
need  of  science  for  such  assistance — science,  whose  benefits  know 
no  limits  of  race,  locality,  or  religion.  He  spoke  of  the  arduous 
labors  of  scientific  investigation,  and  the  advantages  of  the  combi- 
nation of  endeavor  to  promote  it  by  the  Association.  This  dona- 
tion is  a  stimulus  to  renewed  effort,  purely  for  the  love  of  truth ; 
it  is  sowing  the  seed  which  shall  bring  forth  such  a  harvest. 
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Prof.  James  Hall  in  endorsing  the  resolution  related  the  early 
history  of  the  Association,  and  stated  how  such  aid,  as  was  now 
for  the  first  time  bestowed,  was  needed  by  the  Association  to  en- 
courage the  members  in  their  work.  He  hoped  that  the  day  was 
not  far  distant  when  the  American  Association  would  be  able,  like 
the  British  Association,  to  announce  that  thousands  of  dollars  were 
received  for  the  promotion  of  original  research.  He  was  gratified 
that  a  lady  had  set  the  example  here,  and  that  we  were  able  to 
welcome  a  lady  as  the  first  patron  of  the  Association. 

Appropriate  remarks  were  also  made  by  Dr.  Van  der  Weyde, 
who  acted  as  Mrs.  Thompson's  agent,  and  the  resolution  of  the 
Standing  Committee,  thanking  Mrs.  Thompson  for  her  generous 
donation,  was  adopted  with  much  enthusiasm. 

The  following  letter  was  read  by  General  Secretary  White : — 

To  THE  Members  of  the  American  Association  for  the  Ad- 
vancement OF  Science  : 

It  is  with  deep  regret  that  I  find  myself  forced  by  circumstances 
to  be  absent  from  you  on  this  occasion,  and  consequently  to  be 
deprived  of  the  honor  of  meeting  my  fellow  associates  in  Portland, 
whose  hospitable  people  have  assured  to  us  so  hearty  a  welcome 
in  their  midst. 

I  must  say,  however,  though  absent  in  the  body,  I  am  present 
in  the  spirit,  whether  in  3'our  serious  sessions,  your  social  gath- 
erings, or  while  engaged  in  unfolding  that  mysterious  compound 
of  Algce  cum  Mya  arenaria^  called  a  clam-bake. 

I  liope  to  be  engaged  in  the  pursuit  of  science  on  the  other  side 
of  the  Atlantic,  only  a  cable's  length  from  yon,  and  if  at  any  time 
the  Standing  Committees  desire  to  consult  me  I  am  at  their  ser- 
vice at  a  moment's  notice. 

I  accompany  this  communication  with  an  address,  which  I  have 
requested  the  Secretary  to  have  read  to  the  Association. 

With  many  good  wishes  of  a  profitable  meeting,  and  many 
thanks  to  the  gentlemen  and  ladies  of  Portland,  especially  the 
latter, 

I  remain  yours,  respectfully, 

J.  Lawrence  Smith,  President, 

Mr.  F.  W.  Putnam,  by  request  of  the  Standing  Committee, 
then  read  the  address  of  President  Smith,  which  is  printed  in  full 
in  the  usual  place  in  this  volume. 

On  Saturday  Section  B  resolved  itself  into  two  subsections  and 
closed  its  sessions  on  Tuesday  morning.     Section  A  also  formed 
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a  subsection  on  Monday  and  closed  in  the  evening.  It  is 
greatly  to  be  regretted  that  the  closing  da^^s  of  the  meetings  are 
generally  characterized  by  a  "  rush  "  to  get  through  with  the 
papers  and  the  consequently  rapid  organization  of  subsections, 
not  always  done  in  strict  accordance  with  the  rules  of  the  Asso- 
ciation.2 

At  the  close  of  the  sessions  of  Section  A,  an  informal  meeting 
was  held  by  the  chemists  to  consider  the  matter  of  a  proper  organi- 
zation of  a  chemical  subsection  at  the  next  meeting,  and  reso- 
lutions were  adopted  to  be  presented  to  the  Standing  Committee 
at  the  Hartford  Meeting. 

Much  interest  was  also  evinced  by  the  entomologists  present  at 
Portland,  and  several  informal  meetings  were  held  for  the  pur- 
pose of  devising  means  for  securing  attendance  of  a  much  larger 
number  of  entomologists  at  the  future  meetings.  After  due  con- 
sideration, the  following  memorial  and  resolution  were  formed, 
signed  by  all  the  entomologists  present,  and  received  the  endorse- 
ment of  the  Standing  Committee  of  the  Association : — 

We,  the  undersigned,  entomologists,  assembled  at  the  twenty- 
second  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  held  in  the  city  of  Portland,  in  August,  1873, 
hereby  respectfully  petition  the  American  flntomological  Society 
of  Philadelphia,  and  the  Entomological  Society  of  Canada,  to  ap- 
point yearly  meetings  of  their  members  to  be  held  at  the  same 
times  and  places  with  the  annual  meetings  of  the  American  Asso- 
ciation for  the  Advancement  of  Science.  The  undersigned  are 
moved  to  this  memorial  from  the  consideration  that  such  pro- 
spective action  on  the  part  of  the  American  and  Canadian  Ento- 
mological Societies  would  ensure  the  annual  assemblage  of  a  large 

>  If  the  Sectional  Committcos,  after  a  careful  survey  of  the  list  of  papers  placed  in 
their  hnnds,  would  report  on  the  second  day  regarding  the  organization  of  such  sub- 
sections for  the  following  days  as  they  think  will  be  necessary,  In  order  to  allow  all 
the  papers  to  be  duly  read  and  discussed,  they  would  have  time  to  prepare  their  pro- 
grammes properly,  and  members  and  others  interested  in  special  papers  would  be 
able  to  ascertain  the  time  and  place  of  their  delivery,  which  are  the  principal  objects 
in  printing  the  daily  programmes.  Should  the  new  Constitution,  as  proposed  at 
Portland,  be  adopted  it  is  believed  that  much  confusion  will  be  avoided  at  flitnre 
meetings,  especially  if  the  niem))ers  of  the  sections  will  bear  in  mind  the  importance 
of  the  Sectional  Committees.  These  Committees  are,  in  fact,  the  safeguards  of  the 
Association,  and  to  them  is  intrusted  the  anangement  of  the  programmes  of  the  sec- 
tions nnd  bubsections,  and  they  alone  are  responsible  for  the  proper  order  of  the  bus- 
Incvss  nnd  of  the  scientific  reputation  of  the  sections.  With  these  grave  responsibilities, 
it  is  certainly  of  the  most  vital  importance  for  the  welfare  of  tlie  Association  that  the 
Sectional  Committees  should  be  most  carefully  selected  from  those  members  who  can 
remain  tliroughout  the  meeting. 
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number  of  entomologists,  resident  over  a  wide  extent  of  territory, 
and  also  practically  enlarge  the  sphere  and  increase  the  usefulness 
of  the  societies. 

[Signed  by  J.  L.  LeConte,  Chairman,  P.  R.  Uhler,  Secretary, 
and  fourteen  other  entomologists,  members  of  the  Association.] 

Resolved:  That  the  American  Association  for  the  Advance- 
ment of  Science  hereby  endorses  the  accompanying  memorial, 
and  invites  the  American  and  Canadian  Entomological  Societies 
to  call  yearly  meetings  of  their  members  in  accordance  with  the 
request  therein  contained. 

Adopted  by  the  Standing  Committee^  August  26,  1873. 

C.  A.  White,  General  Secretary. 

During  the  week  of  the  meeting,  and  for  several  days  after  the 
adjournment,  a  number  of  entertainments  and  excursions  were 
given  for  the  benefit  of  the  members  of  the  Association.  These 
entertainments  were  always  productive  of  much  good  fellowship 
between  members  and  the  citizens  with  whom  they  are  thus  brought 
in  immediate  social  relations,  and  they  produce  the  best  of  results, 
not  only  to  the  Association  but  to  the  citizens  of  the  pjace,  while 
they  invariably  furnish  the  means  of  obtaining  practical  informa- 
tion on  many  scientific  points. 

The  lunch  given  b^'  the  ladies  of  Portland  on  Friday  noon  was 
a  very  enjoyable  entertainment,  and  had  it  come  at  an  earlier  day 
in  the  meeting,  it  would  have  added  still  greater  pleasure  to  the 
members  by  the  longer  continuance  of  such  pleasant  acquaintance 
as  was  then  made  with  so  many  of  the  61ite  of  the  city. 

On  Tuesday  afternoon  a  very  pleasant,  and  to  many  of  the 
members  a  very  novel,  entertainment  was  furnished  by  the  excur- 
sion to  Old  Orchard  Beach  with  its  accompanying  clam-bake. 
This  excursion  was  \evy  largely  attended,  nearly  ever}^  member 
and  a  very  large  number  of  citizens  enjoying  the  hospitalities  ex- 
tended by  the  Local  Committee. 

On  Saturday  afternoon  a  large  number  of  members  accepted 
the  invitation  for  an  excursion  in  Casco  Bay,  in  the  United  States 
Revenue  Steamer  McCuUoch.  After  the  adjournment  of  the  meet- 
ing, several  more  extended  excursions  were  enjoyed  by  members 
and  citizens.  On  Wednesday,  by  invitation  of  the  Portland 
and  Ogdensburg  Railroad  Company,  nearly  all  the  members 
present  made  a  trip  to  the  White   Mountains,  going   as  far  as 


Digitized  by  VjOOQIC 


426  EXBCUTIYB   PHOCEBDINGS. 

i 

Upper  Bartlett.  The  majority  returned  to  Portland  at  night, 
but  very  liberal  arrangements  having  been  made  by  the  Local 
Committee  for  those  who  wished  to  remain  and  make  the  ascent  of 
Mt.  Washington,  some  sixty  members  availed  themselves  of  the 
opportunity  and  returned  to  Portland  on  Thursday  night. 

On  Friday  the  Revenue  Steamer  was  again  placed  at  the  dis- 
posal of  members  for  a  dredging  excursion  to  be  conducted  under 
the  management  of  the  gentleman  connected  with  the  U.  S.  Com- 
missioner of  Fisheries,  and  a  very  instructive  lesson  in  deep  sea 
dredging  was  obtained. 

During  the  meeting  of  the  Association  and  for  the  week  follow- 
ing the  adjournment,  frequent  visits  were  made  by  individual 
members  to  the  headquarters  of  Prof.  Baird,  the  U.  S.  Commis- 
sioner of  Fisheries,  which  were  located  for  the  season  on  Peak's 
Island,  and  were  easily  accessible  by  steamer  from  Portland. 
These  visits,  in  connection  with  the  Aquaria  maintained  with 
much  labor  by  Mr.  Charles  B.  Fuller  in  the  rooms  of  the  Portland 
Society  of  Natural  History,  enabled  the  naturalists  residing  at  a 
distance  from  the  sea-coast  to  become  acquainted  with  a  large 
number  of  forms  of  animal  life  that  they  had  never  before  seen 
in  a  living  state,  while  the  collections  that  had  been  made  by  the 
Fish  Commissioners,  and  the  finely  arranged  local  collection  in 
the  Portland  Society  of  Natural  History,  must  have  furnished 
many  members  of  the  Association  with  their  first  sight  at  very 
interesting  marine  forms. 

The  excursions  were  closed  by  the  extended  one  to  St.  John 
and  Fredericton.  On  Friday  night  some  fourteen  members 
under  the  charge  of  T.  C.  Hersey,  Esq.,  President  of  the  Inter- 
national Steamship  Company,  took  the  steamer  for  St.  John, 
where  they  arrived  on  Saturday  night.  On  Monday  morning, 
by  invitation  of  the  Messrs.  Lunt,  the  party  went  to  Fredericton, 
and  returned  to  Portland  on  the  following  Thursday  after  a  very 
pleasant  trip  for  which  they  were  deeply  indebted  to  their  kind 
entertainers. 

On  Tuesday  morning,  August  26,  the  sections  having  finished 
the  business  before  them  by  early  sessions  of  the  subsections  of 
Section  B,  the  general  session  was  called  to  order.  On  recom- 
mendation of  the  Standing  Committee  the  invitation  conveyed  in 
the  following  letter,  which  was  read  by  President  Levering,  was 
accepted. 
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Portland,  Aug.  25,  1873. 
Prof.  Joseph  Lovering,  Pres't  Am.  Scientific  Association. 

Dear  Sir:  lam  requested  by  the  Hon.  Henry  C.  Robinson, 
Mayor  of  the  city  of  Hartford,  Conn.,  to  extend  to  this  Associa- 
tion an  invitation  to  hold  its  next  Annual  Meeting  in  that  city, 
and  I  most  cordially  join  with  him  in  extending  the  invitation. 

Respectfully  yours, 

J.  M.  Allen. 

It  was  then  voted  to  hold  the  twenty-third  meeting  of  the  Asso- 
ciation at  Hartford,  Conn.,  commencing  on  the  second  Wednesday 
of  August,  1874. 

The  following  officers  were  then  elected  for  the  next  meeting : 
President,  J.  L.  LeContk,  of  Philadelphia;  Vice  President,  C.  S. 
Lthan,  of  New  Haven ;  General  Secretary,  A.  C.  Hamlin,  of 
Bangor ;  Treasurer,  William  S.  Vaux,  of  Philadelphia.^ 

Votes  of  thanks  to  various  parties  to  whom  the  Association  was 
specially  indebted  were  then  adopted,  with  appropriate  remarks 
from  members,  and  at  11  o'clock  President  Lovering  closed  the 
meeting  in  the  following  terms  : — 

OerUlemen  and  Ladies  of  the  Association :  —  The  hours  of  this 
meeting  are  rapidly  passing  and  the  time  which  remains  can  be 
counted  in  minutes.  It  is  fit,  therefore,  that  I  should  detain  you 
with  the  fewest  possible  words  at  parting.  Allow  me  to  congrat- 
ulate you  on  this  large  and  prosperous  meeting  as  now  a  fact  ac- 
complished. I  think  that  you  will  all  be  willing  to  supplement, 
at  least  in  your  memory  and  your  hearts,  the  formal  expression  of 
thanks  which  have  been  voted,  by  a  grateful  though  silent  recog- 
nition of  the  favor  conferred  on  the  Association  by  those  eminent 
naturalists  who  have  left  their  work  in  the  field,  at  this  precious 
season  of  the  year,  and  have  hurried  hither  at  the  call  of  this 
meeting.  For  myself,  I  feel  that  we  owe  a  large  debt  of  grati- 
tude to  our  great  mathematician  in  that  he  has  not  excused  himself 
from  attendance  on  our  annual  gathering  in  consequence  of  his  nu- 
merous and  heavy  responsibilities  as  Superintendent  of  the  United 
States  Coast  Survey,  but  has  lent  us  his  inspiring  voice  and  intel- 
lect. We  thank  the  distinguished  Secretary  of  the  Smithsonian 
Institution  for  his  commanding  presence  with  us  before  our  ad- 
journment.    Especially,  do  we  thank  our  friends  from  Canada  for 

I  The  Permanent  Secretary  holds  office  trom  his  former  election  for  two  years. 
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the  intellectual  strength  they  have  given  to  this  meeting.  Others 
in  both  Sections,  whose  names  will  readily  occur  to  you,  we  could 
have  wished  to  hear  ourselves  and  to  introduce  to  the  citizens  of 
Portland,  if  they  had  found  it  convenient  to  be  present  on  this 
occasion. 

While  we  thus  honor  our  great  men  among  the  living,  both 
present  and  absent,  we  will  not  forget  our  illustrious  dead.  Ge- 
nial faces  like  that  of  Foster  will  no  more  gladden  our  hearts  at 
these  meetings.  Eloquent  voices  like  that  of  Perry  will  never 
again  be  heard  in  our  sections.  Venerable  forms,  like  those  of 
CofSu  and  Torrey  have  disappeared  and  will  be  seen  no  more  on 
earth  to  excite  our  emulation  and  awaken  our  reverence.  But  we 
will  not  be  discouraged  ;  much  less  will  we  despair.  Rather  will 
we  seek  the  symbol  of  this  Association  in  the  heaven  of  stars, 
where,  indeed,  sun  after  sun  doth  continually  sink  below  the  west- 
ern horizon,  to  bp  replaced,  however,  by  a  whole  galaxy  of  light 
which  is  rising  in  the  east.  Can  we  not  expect,  may  we  not  de- 
mand, of  the  young  men  of  the  Association,  that  for  every  single 
luminary  which  we  lose,  a  double,  triple,  and  even  sextuple  star 
shall  arise  to  make  the  firmament  of  science  even  brighter  than  it 
was  before  ? 

I  am  not  unmindful  of  the  generous  votes  of  thanks  which  3*ou 
have  passed  to  the  officers  of  the  Association :  very  flattering  in 
my  case,  but  fully  deserved  by  your  secretaries.  I  have  had  the 
easy  work  of  pulling  the  little  ropes  at  the  helm,  while  they  have 
worked  the  laboring  oars,  and  must  now  handle  the  heavy  cable 
which  shall  give  the  Association  a  safe  anchorage  during  the  in- 
terval between  this  meeting  and  the  next. 

There  is  always  one  word  harder  than  all  others  to  speak  and 
that  is  the  last  word.  But  our  hour  has  come :  our  work  has  been 
done  as  best  we  could  do  it,  and  it  only  remains  for  me,  after  wish- 
ing you  a  safe  return  to  your  friends  and  your  homes,  and  a  re- 
appearance, when  the  Association,  without  loss  of  material  or 
brightness,  makes  its  next  perihelion  passage,  to  pronounce  this 
meetincr  at  an  end. 
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RESOLUTIONS    ADOPTED 


Hesolvedi  That  the  American  Association  for  the  Advancement  of  Sci- 
ence has  learned  with  high  satisfaction  that  the  Congress  of  the  United 
States,  at  its  last  session,  in  accordance  with  a  recommendation  of  the 
President  of  the  United  States  in  his  Inaugural  Message,  has  extended  to 
the  International  Statistical  Congress  an  invitation  to  hold  its  next 
session  in  this  country,  and  this  Association  hereby  expresses  its  earnest 
hope  that  the  invitation  thus  cordially  extended  will  be  accepted  by  the 
Permanent  Committee  of  the  Congress. 

Hesolvedy  That  a  Committee  be  appointed  by  the  Association  to  memo- 
rialize Congress  and  the  several  State  Legislatures  upon  the  importance 
of  promoting  the  cultivation  of  timber  and  the  preservation  of  forests, 
and  to  recommend  proper  legislation  for  securing  these  objects. 

Whereas,  the  object  of  this  Association  is  the  general  advancement  of 
Science,  and  as  one  of  the  most  powerful  means  of  promoting  it  is  the 
extension  and  increased  efficiency  of  scientific  education ;  and  as,  more- 
over, there  is  a  growing  interest  in  this  subject  on  the  part  of  teachers 
and  educational  boards,  and  much  emijarrassment  and  many  inquiries  as 
to  the  best  methods  of  attaining  the  object;  and  as,  furthermore,  a  delib- 
erate expression  from  this  body  in  relation  to  the  question  would  have 
great  weight  with  those  asking  for  guidance ;  therefore 

Hesolvedy  That  a  Committee  be  appointed  by  the  Chairman  to  talse  this 
subject  into  consideration  and  report  at  the  next  meeting  of  the  Associa- 
tion upon  the  most  desirable  methods  of  scientific  study  for  primary, 
common  and  high  schools;  pointing  out  the  sciences  that  are  most  desir- 
able to  be  studied  In  those  Institutions  In  their  actual  phenomena,  the  time 
that  should  be  allotted  to  them  and  the  order  In  which  they  should  be  pur- 
sued, and  mailing  such  other  recommendations  regarding  the  subject 
as  in  the  opinion  of  the  Association  will  be  conducive  to  the  general  in- 
terest of  science. 


Digitized  by  VjOOQIC 


430  BXECDTIVE  PROCEEDINGS. 


VOTES    OF    THANKS. 


Resolved,  That  the  thanks  of  this  Association  be  presented  to  the  Chair- 
man, Hon.  Benj.  Kingsbury,  jr.,  His  Honor  Mayor  Westcott,  the  Secretary, 
Rev.  Charles  W.  Hayes  (whose  labors  have  been  indefatigable  and  anre- 
mitted  in  oar  behalf)  and  all  the  members  of  the  Local  Committee,  for 
their  especial  and  successful  arrangements  and  efforts  In  behalf  of  the  As- 
sociation at  its  present  meeting  in  this  city ;  regarding  these  as  not  sim- 
ply complimentary  to  the  members  of  the  Association,  but  as  indicating 
their  appreciation  of  its  high  purpose,  the  Advancement  of  Science. 

Resolved  J  That  the  thanks  of  the  Association  be  specially  tendered  to 
His  Honor  the  Mayor  and  members  of  the  City  Council  for  the  fret  use  of 
the  admirable  and  very  commodious  apartments  of  the  City  Hall  for  the 
use  of  the  Association  during  its  present  meeting ;  and  to  the  citizens  of 
Portland  generally  for  many  attentions  and  kindnesses  tendered  and  be- 
stowed upon  its  members. 

Besolvedy  that  this  Association  recognizes  with  pride  and  satisfaction 
the  Interest  which  the  ladies  of  Portland,  as  of  the  whole  country  wher- 
ever our  Association  has  held  its  meetings,  have  manifested  in  the  ad- 
vancement of  science ;  and  to  them  belongs,  by  the  thought  Ail  ness  and 
generosity  of  one  of  their  sex,  the  distinguished  honor  of  making  the 
first  substantial  contribution  to  its  means,  and  laying  the  foundation  of 
Its  permanency  and  continued  usefulness. 

Resolved,  That  our  especial  thanks  are  hereby  tendered  to  the  ladies  of 
Portland  for  their  elegant  and  hospitable  reception  and  lunch  given  to  our 
members  and  ladies  at  Congress  Hall,  on  Friday,  22d  Inst.,  the  pleasure 
and  social  enjoyments  of  which  were  so  much  enhanced  by  their  presence, 
their  generous  welcome  and  unwearied  attention. 

Resolved,  That  the  thanks  of  the  Association  be  tendered  to  Mr.  C.  B. 
Fuller,  the  curator  of  the  Portland  Natural  History  Society,  for  his  cour- 
teous and  unwearied  attention  to  the  wants  of  the  members  in  accommo- 
dations rendered  In  connection  with  the  Museum  of  which  he  has  charge. 
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Hesolvedt  That  the  thanks  of  the  Association  be  presented  to  the  mana- 
gers of  the  Portland  and  Ogdensburg  Railroad  for  their  Invitation  to  visit 
the  White  Mountain  region  at  Upper  Bartlett  and  return.  Also  to  the 
Boston  and  Maine  Railroad,  the  Eastern  Railroad,  the  Grand  Junction 
Railroad,  and  other  railroads  mentioned  in  the  circular  of  the  Local  Com- 
mittee, for  reduction  of  fares  In  favor  of  the  members  attending  the  meet- 
ing of  the  Association.  Also  to  the  Portland  Steam  Packet  Company, 
the  Maine  Steamship  Company,  the  International  Steamship  Company, 
and  the  proprietors  of  the  New  England  and  Nova  Scotia  Steamships  for 
similar  privileges— all  in  behalf  of  the  objects  of  this  Association. 

Besolvedt  That  the  thanks  of  the  Association  be  presented  to  Ex  Gov. 
Israel  Washburn,  Collector  of  the  port,  Lewis  B.  Smith,  Esq.,  Deputy 
Collector,  and  to  Captain  Tread  well,  commander  of  the  Revenue  Cutter 
McCulloch,  for  the  tender  and  use  of  that  vessel  in  our  very  delightful 
and  Invigorating  excursion  in  the  harbor  and  through  Casco  Bny,  on  Sat- 
urday afternoon,  23d  lost.,  which  proved  so  pleasant  and  gratifying  to  all 
our  members  and  the  ladies  accompanying  them. 

Besolved,  That  the  thanks  of  the  Association  be  tendered  to  the  Super- 
intendent of  the  Coast  Survey,  and  to  the  Commander  of  the  U.  S.  Coast 
Survey  Steamer  **Bache"  for  their  courtesy  in  offering  a  deep-sea  dredg- 
ing excursion  to  the  members. 

Besolved,  That  the  thanks  of  the  Association  be  tendered  to  Ex  Gover- 
nor J.  L.  Chamberlain,  President  of  Bowdoin  College,  for  his  polite  Invi- 
tation to  visit  that  institution. 

Besolvedj  That  a  vote  of  thanks  be  presented  to  the  reporters  and  pro- 
prietors of  the  press  for  their  untiring  efforts  In  presenting  the  labors  of 
the  Association  before  the  public. 

Besolvedt  That  the  Association  tender  to  the  retiring  President  the  ex- 
pression of  its  sincere  thanks  for  the  ability,  courtesy,  Impartiality  and 
uniform  urbanity  with  which  he  has  presided  over  and  conducted  the  de- 
liberations of  the  Association. 

Besolvedj  That  the  thanks  of  the  Association  be  given  to  the  retiring 
General  Secretary,  Prof.  C.  A.  White,  for  the  ability,  courtesy,  and  dili- 
gence with  which  he  has  performed  the  duties  of  his  office. 
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FINAL  REPORT  OF  THE   RETIRING  PERMANENT  SECRETARY. 

This  report  covers  the  interval  of  time  between  the  first  day  of 
the  Dubuque  meeting  (August  14,  1872)  and  the  first  day  of  the 
Portland  meeting  (August  20,  1873). 

During  the  meeting  of  the  Association  the  time  of  the  Perma* 
nent  Secretary  is  fully  occupied  ;  and,  after  the  adjournment,  the 
correspondence  foreign  and  domestic,  the  collection  of  assess- 
ments, the  preparation  of  the  Proceedings  for  the  press,  the  ex- 
amination of  proof-sheets,  the  distribution  of  the  volumes  at  home 
and  abroad,  and  the  arrangements  for  the  next  meeting,  all  make 
a  constantly  recurring  cycle  of  duties,  only  finished  to  be  begun 
again.  After  I  had  completed  the  printing  of  the  Dubuque  Pro- 
ceedings, the  edition  was  delivered  into  the  hands  of  my  succes- 
sor, Mr.  F.  W.  Putnam,  by  whom  it  was  distributed.  The  ar- 
rangements for  the  Portland  meeting,  so  far  as  the  Permanent 
Secretary  is  expected  to  assist  in  them,  were  also  made  by  Mr. 
Putnam.  The  other  duties  of  the  ofi^ce  were  discharged  by  me 
until  the  first  day  of  the  Portland  meeting.  I  cannot  but  repeat 
my  regret  that  the  reputation  of  the  Association,  especially  before 
the  commonwealth  of  science  in  Europe,  sufl!*ers  greatly  from  the 
failure  of  many  of  tlie  strongest  members  of  the  Association  to 
furnish  a  copy  of  their  valuable  communications  for  the  printed 
Proceedings.  On  this  account  our  publication  is  a  very  inadequate 
exponent  of  the  scientific  resources  of  the  Association. 

The  financial  condition  of  the  Association  was  never  before  so 
prosperous  as  at  the  present  time. 

Between  August  14,  1872,  and  August  20,  1873,  the  income  of 
the  Association  was  twenty-one  hundred  and  six  dollars  and  ten 
cents  ($2,106.10). 

Of  this  amount,  fifty-six  dollars  and  sixty  cents  ($56.60)  ac- 
crued from  the  sale  of  the  printed  volumes,  and  the  remainder 
from  the  admission  fees  of  new  members  and  the  annual  assess- 
ments. 
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The  expenses  of  the  Association  daring  the  same  interval 
amounted  to  nineteen  hundred  and  nine  dollars  and  twenty-nine 
cents  ($1,909.29),  which  may  be  divided  thus: 

Cost  of  paper,  printing,  and  binding  for  the  Du- 
buque Proceedings, $1,109.07 

Charges  connected  with  the  Dubuque  meeting,    .  114.95 

Salary  of  the  Permanent  Secretary,        ....  500.00 

For  circulars,  stationery,  express,  and  postage,   .  135.72 

Expense  of  removing  stock  to  Salem,         •     •     •  49.55 

The  particular  items  may  be  found  in  the  cash  account  of  the 
Permanent  Secretary  which  is  herewith  submitted  as  a  part  of  his 
report. 

The  balance  in  favor  of  the  Association  amounts,  at  this  date, 
to  nineteen  hundred  and  eighty  dollars  and  twenty-seven  cents. 
Of  this  sum  one  thousand  dollars  was  paid  over  to  the  Treasurer 
on  Oct.  23,  1871,  and  has  been  on  interest  since  that  time.  Five 
hundred  dollars  more  was  paid  over  to  the  Treasurer  on  August 
25,  1873,  and  has  been  put  out  to  interest.  The  remaining  por- 
tion of  the  balance,  amounting  to  four  hundred  and  eighty  dollars 
and  twenty-seven  cents,  has  been  passed,  by  order  of  the  Standing 
Committee,  to  my  successor,  Mr.  F.  W.  Putnam. 

When  the  undersigned  entered  upon  his  duties  at  the  eighth 
meeting  of  the  Association,  it  had  an  annual  income  of  only  a 
few  hundred  dollars  and  was  dependent  upon  the  generosity  of 
the  cities  where  it  met  for  the  publication  of  its  Proceedings. 
Since  that  time  it  has  been  able  to  pay  all  its  expenses,  owns  a 
valuable  stock  of  Proceedings,  and  possesses  a  cash  balance 
amounting  (with  interest)  to  more  than  two  thousand  dollars.  Its 
present  financial  prosperity  is  due  to  that  change  in  the  Constitu- 
tion by  which  new  members  are  required  to  pay  an  admission  fee 
in  addition  to  the  annual  assessment. 

Joseph  Lovering, 
Retiring  Permanent  Secretary, 

Portland^  Angnst  20, 1873. 
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CASH  ACCOUNT  OF  THE 


Dr. 


American  Association  in 


£.  D.  Cook's  bill  as  assistant  secretary     . 

PrintiDg  circulars  .  .  .  .  . 

Telegraph  to  Portland  from  Dubuque 

Postage  and  discount  on  draft  .  .  .  . 

Woodcuts  for  Dubuque  volume,  etc.     . 

Printing  of  Dubuque  "Proceedings**     . 

Binding  of  Dubuque  "Proceedings" 

Expense  of  distributing  Dubuque  * 'Proceedings" 

Sawin,  for  freight     ..... 

American  Naturalists'  Agency  for  Dr.  Hunt's  extras 

Charges  for  removing  stock  to  Salem 

Salary  of  Permanent  Secretary 

Stationery      ...... 

Paid  to  the  Treasurer  .  .  .  .  . 

Paid  to  the  Treasurer  .... 

Paid  to  F.  W  Putnam  .  .  .  .  . 

Paid  to  F.  W.  Putnam         .... 


$30  00 

9  75 

9  95 

64  29 

80  00 

1,003  07 

44  10 

67  04 

80  64 

26  00 

49  55 

500  00 

6  00 

•1,909  29 

1,000  00 

600  00 

372  00 

108  27 

83,889  56 
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PERMANENT   SECRETARY. 

ACCOUNT  WITH  JOSEPH  LOVERINO.  Cf. 

Balance  from  last  account         .           .           .           •           •  91,782  40 
Assessments  from  735  to  1192  Inclusiye  (including  money  re- 
ceived for  sale  of  Proceedings)        .           .           .  2,106  10 
Error  iu  cash  account  of  August,  1868.            ...  1  00 


$3,889  56 
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STOCK  ACCOUNT  OF  THE  PERMANENT  SECRET AKY. 

The  present  Permanent  Secretary  has  received,  from  his  prede- 
cessor in  oflQce,  the  stock  of  volumes  of  Proceedings,  the  Library, 
and  various  documents  belonging  to  the  Association,  and  they 
are  now  most  conveniently  arranged  and  safely  stored  in  a  room 
on  the  first  floor  of  the  Museum  building  of  the  Peabody  Academy 
of  Science.  This  room  is  in  charge  of  a  special  assistant  and  is 
devoted  to  the  use  of  the  Association  as  the  office  of  the  Pernia- 
nent  Secretary. 

The  volumes,  parts  of  volumes,  and  pamphlets,  forming  the 
library  belonging  to  the  Association,  have  been  catalogued  and 
arranged. 

The  total  number  of  copies  of  Proceedings,  including  the  vol- 
ume of  "  Transactions  of  the  American  Association  of  Geolo- 
gists and  Naturalists,"  and  the  twenty-one  volumes  of  the  "  Pro- 
ceedings of  the  American  Association  for  the  Advancement  of 
Science"  received  from  the  retiring  Secretary,  amounted  to  eleven 
thousand  two  hundred  and  eighty-two. 

Five  hundred  and  sixty -two  copies  of  the  Dubuque  volume  and 
fifty-seven  copies  of  preceding  volumes  have  been  distributed  to 
members  who  were  entitled  to  them.  Fifty-nine  copies  have  been 
distributed  by  votes  of  the  Standing  Committee  to  American  In- 
stitutions, and  one  hundred  and  twenty  to  Foreign  Societies  and 
Institutions  in  exchange  for  their  publications.  The  list  of  For- 
eign Societies  published  in  the  Dubuque  volume  was,  with  a  few 
changes,  followed  in  sending  out  the  volume.  Two  hundred  and 
fourteen  copies  of  various  volumes  have  been  sold,  leaving  a  bal- 
ance on  hand  at  this  date  of  ten.  thousand  two  hundred  and  sev- 
enty copies. 

F.  W.  Putnam, 

Feitnanent  Secretary. 

Salemj  September  1,  187S. 
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A  i>  F  K  isr  D I X 

TO  THE 

HISTORY  OF  THE  MEETING  AT  PORTLAND, 

BY 
WILLIAM  W.  WHEILDON,  OF  CONCORD,  MASS. 


Thk  meeting  of  the  American  Association  at  Portland  forms  an  era  in 
its  history,  not  so  much  from  the  fact  that  it  had  th^n  completed  its 
twenty-flrst  year  of  active  life,  bat  rather  that  measures  were  there  inau- 
gurated for  its  permanent  legal  existence  and  a  foundation  laid  for  the 
enlargement  of  its  purposes  and  more  extended  usefulness. 

When  we  look  bacl{  at  the  organization  of  this  Association  in  1848»  by 
gentlemen  devoted  to  the  study  and  pursuit  of  a  single  branch  of  sci- 
ence, and  that  branch  comparatively  new,  we  have  great  reason  for  con- 
gratulation in  view  of  its  continued  prosperity  and  its  present  aokuowl- 
edged  position.  It  has  gone  on  from  year  to  year  in  increasing  usefulness, 
gradually  drawing  into  its  ranks  gentlemen  of  intellect  and  energy,  of 
learning  and  genius,  in  every  branch  of  science  and  natural  history ;  and 
includes  to-day  an  ample  membership  to  sustain  its  position  and  worthy 
of  its  high  purposes.  Of  the  original  members  of  the  Association  of  Geol- 
ogists who  formed  the  nucleus  of  this  Association  at  Philadelphia,  only 
three  now  remain  to  witness  its  prosperity,  and  of  these  only  one.  Prof. 
James  Hall  of  Albany,  was  present  at  Portland.  The  meeting,  however, 
was  largely  attended  and  many  members  contributed  interesting  and  val- 
uable papers  at  its  sessions.  The  evening  sessions  in  the  City  Hall 
were  very  fUUy  attended  by  the  citizens  of  Portland,  and  were  eminently 
successful  in  entertainment  and  in  interest.  The  general  sessions  and 
those  of  the  sections  during  the  day  were  always  well  attended,  and  the 
discussions  which  followed  the  reading  of  many  of  the  papers  were  in- 
teresting and  attractive. 

Scientific  Discussions. —  At  some  of  our  recent  meetings  it  has  been 
spoken  of  as  a  matter  of  regret  that  these  discussions  were  not  properly 
reported  for  publication  in  connection  with  the  papers  which  called  them 
forth,  and  there  is  a  general  desire  that  this  deficiency  may  be  provided 
for  in  the  future  meetings  of  the  Association.  Scientiflc  discussions, 
although  sometimes  exciting  and  earnest,  are  rarely  personal  and  still 
more  rarely  discourteous  or  unseemly.  Differences  in  opinion  often  arise 
and  as  they  are  supposed  to  be  based  upon  evidence  or  reason,  they  are 
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not  readily  given  up;  and  as  evidence  Itself  is  seen  in  different  light 
under  different  circumstances,  with  divers  powers  of  generalization,  or 
with  certain  convictions  and  preconceived  notions,  it  is  not  surprising, 
that  opinions,  however  adverse,  should  be  adhered  to  with  considerable, 
and  it  is  to  be  hoped,  considerate  pertinacity.  Yet  where  trutli  alone  is 
the  object,  however  much  opposing  parties  may  desire  to  establish  their 
own  opinions,  when  that  is  reached  and  made  manifest,  tlie  triumph  is  a 
gain  to  science  and  not  to  either  party.  The  very  differences  may  and  it 
is  almost  certain  must  have  been  instrumental  in  reaching  the  result 
attained,  so  that  it  is  not  unreasonable,  nor  in  fact  undesirable,  that  dif- 
ferent opinions  should  exist  in  the  consideration  of  scientific  problems, 
so  that  they  be  well  considered,  courteously  maintained  and  kept  subordi- 
nate to  the  great  purposes  of  science.  In  this  way  and  in  this  way  only, 
can  harmonious  action  be  preserved  and  the  best  results  attained.  It  is 
gratifying  to  be  able  to  say  that  these  sentiments  have  prevailed  at  all 
the  meetings  of  our  Association. 

Excursions  of  the  Association  in  Iowa.—  Several  very  interesting 
scientific  excursions  were  made  by  members  of  the  Association  during 
the  meeting  at  Portland.  These  at  a  distance  have  been  ttie  subject  of 
remark  and  sometimes  spoken  of  in  the  ordinary  sense  of  excursions 
of  pleasure ;  but  this  is  incorrect.  They  are  not  simply  pleasure  trips, 
but  quite  the  reverse  and  have  an  eminently  practical  and  useful  pur- 
pose, and  this  is  never  lost  sight  of,  nor  the  advantages  afforded  for 
observation  and  collection  ever  overlooked  or  admitted.  Take  for  ex- 
ample the  excursions  of  the  meeting  preceding  this,  from  Dubuque, 
which  were  eminently  scientific.  They  were  first  to  the  lead  mines  and 
were  truly  laborious ;  only  redeemed  from  unpleasantness  by  their  sclen* 
entific  character.  The  excursion  up  the  Mississippi  River  to  McGregor 
was  prominently  for  scientific  as  well  as  social  purposes;  and  one  of  the 
most  interesting  ol^jects  ever  visited  by  the  members  of  the  Association 
was  the  remarkable  sandstone  rift  on  the  western  shore  of  the  Upper 
Mississippi ;  and  at  the  same  time  the  Wisconsin  shore  was  visited  in 
order  to  obtain  botanical  specimens  peculiar  to  that  locality.  These 
things,  in  fact,  were  the  attractive  objects  of  the  excursion,  and  while 
they  were  amply  compensating,  the  public  entertainment  provided  by 
the  ladies  of  McGregor  crowned  with  pleasure  and  festooned  with  delight- 
ful recollections,  one  of  the  most  satisfactory  excursions  ever  made  by  the 
Association. 

So  also  of  the  much  longer  excursion  which  followed,  across  the 
State  of  Iowa,  which  was  participated  in  by  some  forty  members.  It 
was  full  of  scientific  purpose  and  accomplishment,  and  in  both  respects 
yielded  full  compensation  to  science  as  well  as  recreation.  Nor  are  the 
benefits  of  such  an  excursion  as  this  coufined  to  the  excursionists,  or 
even  to  those  with  whom  they  come  in  contact.  By  reference  to  the 
narrative  of  the  excursion  spoken  of  it  will  be  seen,  not  only  what  oppor- 
tunities the  party  enjoyed  for  scientific  observation  and  exploration,  in 
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various  departments  of  natural  history,  but  also  what  service  they  ren- 
dered In  answering  nnmerous  inquiries,  in  discussions,  and  comparisons, 
and  yet  more  prominently  in  public  lectures  given  by  the  members  before 
crowded  and  interested  audiences.  It  is  not  too  much  to  say  that  in 
all  the  comnmnitles  where  stops  were  made  and  in  all  the  places  visited, 
there  was  a  mutual  benefit  between  the  people  and  the  excursionists  and 
a  clear  gain  for  science.  Science  as  a  pursuit  or  science  as  a  recreation 
was  almost  unlcnown,  if  not  in  fact  unheard  of,  in  some  of  the  remote 
settlements  visited  by  this  party ;  and  it  was  a  new  thing  to  see  gentle- 
men and  ladies  collecting  specimens  of  rocks,  coal  or  other  minerals, 
and  catching  insects,  searching  the  prairies  for  plants,  seining  the  rivers 
for  fish,  and  carefUUy  preserving  these  in  boxes  and  bottles.  Interest 
was  everywhere  excited  in  the  party  and  its  movements,  and  especially 
in  its  acquisitions;  and  it  Is  very  certain  that  the  lesson  afforded  by  these 
things  was  not  lost  in  a  scientific  sense,  and  the  visits  and  explorations 
made  were  eminently  successful  In  their  social  aspects. 

Excursions  from  Portland.— We  might  refer  to  other  excursions 
made  by  the  Association  and  its  members,  in  order  to  show  their  scien- 
tific character  and  purpose;  those  from  Portland  especially,  which  are 
spoken  of  in  the  present  volume.  The  first  one  in  Casco  Bay  was  ex- 
tremely Interesting,  and  espechilly  so  to  a  number  of  members  from  the 
far  west  who  on  this  occasion  made  their  first  acquaintance  with  stilt 
water  and  the  sea,  and  who  were  specinlly  enthusiastic  over  the  beauty 
and  majesty  of  the  blue  ocean,  the  tossing  waves,  the  rolling  breakers, 
the  long  beaches  and  what  they  found  there  In  their  native  habitats. 
There  was  also  scientific  interest  as  well  as  novelty  in  the  modern 
*'clam-bake,"  on  the  magnificent  bench  at  "Old  Orchard,"  with  Its  his- 
torical associations  and  present  attractions.  We  need  scarcely  to  speak 
of  the  excursion  to  the  White  Mountain  region  —  so  full  of  Interest  to  all 
the  party;  or  to  that  made  by  sea  to  St.  John,  N.  B. ;  or  to  the  dredging 
expedition,  so  kindly  proffered  by  the  coast  survey,  along  the  coast  —  for 
these  all  commended  themselves  In  behalf  of  science  as  well  as  pleasure. 

This  feature  of  our  Association  Is  neither  to  be  discarded  nor  held  in  light 
estimation.  It  has  Its  purposes,  not  alone  in  the  advancement  of  science 
and  In  popularizing  the  work  of  the  Association,  but  also  in  its  varied 
social  aspects.  No  higher  compliment  can  be  bestowed  upon  the  Asso- 
ciation than  the  tender  of  opportunities  and  facilities  in  the  interest  of 
its  pursuits,  made  by  persons  who  appreciate  them  and  who  thus  manifest 
their  respect  for  those  who  labor  for  their  advancement. 

Proposition  of  Incorporation.— But  the  most  important  proceedings 
of  the  Association,  at  Portland,  were  those  which  relate  to  its  future 
organization,  Its  permanent  legal  existence  and  Its  enlarged  means  of 
useftilness.  Having  sustained  itself  for  twenty-one  years  by  tlie  annual 
contributions  of  its  members,  and  the  kindness  of  the  people  among 
whom  Its  meetings  have  been  held,  the  members  were  surprised  and 
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gratified  by  the  generoas  donation  of  Mrs.  Thompson  in  aid  of  the 
objects  of  the  Association,  and  it  has  been  intimated  that  other  gifts  may 
be  expected. 

Next  to  this  in  Importance,  and  in  fact  made  necessary  by  it,  was  the 
proposition  to  obtain  an  act  of  incorporation,  in  order  that  the  Associa- 
tion may  hold  property  and  manage  Its  financial  affairs  in  a  safe  and  legal 
manner.  The  possession  of  snch  an  act  will  affect  indirectly  but  largely, 
the  interests  and  usefulness  of  the  Association,  giying  to  It  the  dignity 
of  law,  the  right  to  receive  and  hold  property  for  the  purposes  of  the 
voluntary  Association,  and  other  rights  and  privileges  of  an  incorporated 
body.  The  matter  of  obtaining  the  charter  was  placed  in  the  hands  of 
a  committee  and  their  report  will  be  presented  at  the  meeting  at  Hart- 
ford. 

Membership.— An  interesting  subject  incidental  to  the  future  prosperity 
of  the  Association  is  that  of  membership,  which  has  to  some  extent  been 
made  a  topic  of  remark  in  print,  and  in  one  case  »*  the  absence  of  any 
definite  test  of  qualification  for  membership  "  is  deplored.  The  American 
Association  for  the  Advancement  of  Science,  like  its  British  compeer,  is 
distinctively  a  popular  institution,  and  to  a  great  extent  leaves  the  pro- 
priety and  utility  of  membersiiip  to  be  deckled  by  the  good  sense,  the 
Judgment  and  intentions  of  the  applicant.  No  doubt  certain  classes  are 
properly  described  by  Dr.  Dick  when  he  says — 

**Some  persons  are  disposed  to  consider  science  and  natural  history 
merely  as  genteel  studies ;  others  apply  their  minds  to  such  subjects  with 
the  view  of  bearing  a  part  In  the  conferences  of  men  of  learning.  Some 
again  prosecute  such  pursuits  for  the  purpose  of  making  collections  of 
scarce  and  valuable  curiosities,  and  of  displaying  a  degree  of  knowledge 
and  tastes  superior  to  those  of  their  neighbors;  and  the  greater  part  of 
mankiiid  consider  such  studies  as  only  amusement  or  a  relaxation  of  mind 
from  the  fatigues  of  their  daily  evocations."  *'But  the  study  of  nature 
and  science,*'  he  adds,  **is  highly  dishonored  by -such  grovelling  and  con- 
tracted views.  The  prospect  of  the  universe  was  exposed  to  our  view 
for  more  noble  and  exalted  purposes  —  to  make  us  wiser  and  better  men ; 
to  expand  our  views  of  the  perfections  of  our  Creator,  and  to  Inspire  us 
with  a  grateful  sense  of  all  the  blessings  we  dally  receive  from  his  boun- 
tiful hand." 

It  has  never  been  deemed  necessary  In  acting  upon  applications  for 
membership  for  this  Association  to  enter  upon  the  consideration  of 
motives,  beyond  those  which  are  manifested  by  the  application,  or  doubt 
that  they  are  proper  and  Justifiable.  It  is  sufficient  for  It  that  the  can- 
didate has  the  endorsement  of  at  least  two  present  members  —  a  measure 
necessary  to  bring  his  name  before  the  Standing  Committee.  It  may  or 
may  net  be  found  necessary  to  change  these  provisions;  but  at  present 
they  appear  to  be  all  that  Is  necessary  on  the  part  of  the  Association  and 
cannot  be  objected  to  on  the  part  of  applicant. 

But  there  is  another  consideration;  it  is  not  merely  the  scientific  man. 
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bat  the  friend  and  lover  and  patron  of  science  that  may  claim  member- 
ship under  our  rules.  These  are  desired  and  desirable.  Those  who,  even 
In  middle  age,  are  giving  their  minds  to  science,  may  hope  to  be  aided 
by  joining  oar  Association  in  the  pursuits  and  investigations  which  inter- 
est them.  It  may  be  asked  In  what  way  can  the  Association  promote  its 
great  purpose — the  Advancement  of  Science  —  which  will  be  more  prom- 
ising or  which  is  more  eflBcient?  It  accords  with  its  popular  character 
as  it  does  with  its  purposes,  and  is  rather  a  feature  to  be  encouraged  than 
omitted  or  restricted. 

There  is  another  class  of  members,  the  accession  of  which  the  Asso- 
ciation may  appear  to  have  encouraged  and  to  some  extent  has  done  so. 
It  has  at  least  facilitated  the  process  by  allowing  membership  for  one, 
two  or  three  years;  a  right,  however,  practically  available  to  all  mem- 
bers by  simply  neglecting  to  pay  the  annual  assessment.  This  class  of 
members  is  composed  of  those  not  pursuing  scientific  studies  and  not  in- 
tending to  do  so,  and  who  join  the  Association  sometimes  doubtless 
upon  the  invitation  of  friends ;  from  a  desire  to  aid  the  Association  by  a 
small  contribution  to  Its  funds;  from  mere  curiosity  or  from  personal  con- 
siderations of  no  importance  to  the  Association.  These  persons  may 
find  it  convenient  to  attend  one  or  more  of  the  meetings  of  the  As- 
sociation, and  very  probably  then  drop  off.  In  this  case,  which  has 
no  doubt  frequently  occurred,  the  member  may  have  gained  something 
as  well  as  the  Association,  and  so  far  both  parties  are  benefited.  The 
practical  question  In  this  matter  is.  Shall  the  custom  be  allowed  to 
continue?  It  may  be  thought  that  a  large  membership  will  be  embar- 
rassing to  the  business  of  the  meetings ;  but  no  inconvenience  of  this 
kind  has  ever  been  experienced  and  probably  will  not  be  hereafter.  Or 
it  may  be  thought  that  membership  Should  be  confined  to  persons  of  sci- 
entific attainments,  or  at  least  to  those  who  will  become  active  mem- 
bers—and this  is  the  question  of  vital  interest  to  the  Association.  For 
ourselves  we  should  regard  such  a  restriction  as  very  unwise ;  as  fatal 
to  this  Association  in  its  popular  character,  and  as  a  measure  entirely 
adverse  to  the  advancement  of  science,  which  is  the  object  of  its  for- 
mation. It  needs  no  argument  to  show  that  the  adoption  of  such  a 
rule,  which  seems  to  have  been  looked  upon  as  practicable,  will  be 
equivalent  to  an  abandonment  of  the  legitimate  purposes  of  the  Associa- 
tion. Such  members  are  unquestionably  an  advantage  to  the  Association, 
not  merely  by  their  annual  contribution  to  Its  Ainds,  but  in  other  bene- 
ficial ways.  They  give  to  it  the  weight  of  numbers,  much  of  personal 
character  and  influence,  and  link  it  very  closely  with  society  wherever 
the  Association  holds  its  meetings,  and  give  it  public  Interest  and  an 
audience. 

Still,  there  are  those  who  think  some  discriminations,  other  than 
those  existing  in  regard  to  membership,  are  desirable,  and  would  be 
beneficial  to  the  cause  of  science.  We  think  differently;  the  wisdom  of 
the  original  rule  commends  Itself  to  our  judgment,  and  we  do  not  believe 
any  others,  beyond  the  proper  enlargement  and  expansion  of  this  In  the 
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new  constitution,  are  requisite.  The  provision  for  life  membership  is 
deserving  of  especial  commendation.  Under  this  clause  gentlemen  of 
means  of  appreciation  will  Imve  an  opportunity  to  contribute  to  the 
purposes  of  the  Association  without  the  annoyance  of  yearly  payments, 
and  may  avail  themselves  of  all  the  privileges  of  membership  at  any  of 
its  meetings.  They  may  thus  add  to  its  character  and  usefulness  and 
give  their  approbation  to  Its  popular  element. 

There  Is  also  another  class— not  thorough  scientists,  but  students,  de- 
voted it  may  be  to  some  special  department  or  branch  of  science  —  and 
these  may  naturally  seek  the  aids  wliich  are  afforded  to  them  by  mem- 
bership of  our  Association.  We  may  not  look  to  these  for  the  highest 
scientific  work ;  bnt  they  are  pretty  sure,  sooner  or  later,  to  contrii)Ute 
something  towards  the  advancement  of  science.  They  are  generally 
young  men,  on  whom  higher  duties  will  soon  devolve  and  from  whom 
higher  services  are  to  be  expected.  It  may  be  that  they  are  hereafter  to 
become  the  leading  members  of  the  Association,  prepared  to  sustain  its 
character,  advance  its  growing  interests  and  make  international  its  repu- 
tation. 

Our  WoiiKiNO  Mbh bkrs.  —  The  Association,  of  course,  will  know  how 
to  appreciate  its  working  members,  for  to  their  labors,  their  skill  and 
their  sacrifices,  are  we  to  look  for  the  advancement  of  science.  It  may 
well  say  of  them,  "These  are  my  jewels,"  for  to  their-care.  Interest  and 
effort,  is  Intrusted  the  scientific  character  of  the  American  Association, 
and  to  some  extent  that  of  the  country  which  it  represents.  So  also  will 
it  know  how  to  appreciate  those  friends  and  patrons  of  science  who  are 
disposed  to  give  their  aid  to  the  purposes  of  the  Association,  although 
they  may  not  participate  actively  in  Its  labors.  They  are  essential  to  Its 
well-being,  necessary  to  Its  success,  promotive  of  all  its  Interests,  and 
give  to  it  its  distinguishing  characteristic  as  the  popular  scientific  asso- 
ciation of  the  country. 

In  the  broad  and  popular  character  of  the  American  Association  as 
we  have  spoken  of  it,  It  is  not  the  rival  of  any  other  body,  either  in 
purpose  or  practice,  but  the  helper  and  co-worker  for  the  promotion  of 
science.  It  does  not  pretend  to  be  composed  of  accomplished  scientists 
only,  with  a  limited  number  of  members;  such  a  claim  would  be  adverse 
to  Its  principles,  an  abandonment  of  Its  popular  character  and  an  impeach- 
ment of  its  usefulness.  It  still  proposes  to  be  open  to  all,  to  foster  genius, 
to  advance  science,  to  pursue  the  onward  way  in  the  paths  it  has  opened 
and  in  fields  yet  only  partially  explored. 

Conclusion.  — So  that,  upon  a  consideration  of  all  these  things,  we 
may  not  only  regard  the  Portland  meeting  as  forming  an  era  In  the  his- 
tory of  the  Association ;  but  after  an  experience  of  twenty-one  years,  we 
may  look  back  with  interest  upon  its  history  and  re-affirm  the  principles 
and  great  purposes  of  Its  founders.  It  is  in  accordance  with  the  spirit 
of  our  government  and  the  age,  having  all  its  inspiration  and  sympathies 
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from  the  people  In  its  popular  character.  We  say  very  distinctly  let  the 
Association  adhere  to  its  purposes  and  pursae  them  as  heretofore  with 
unabated  Interest.  It  is  undoubtedly  on  the  high  road  to  prosperity  and 
eminence,  and  so  long  as  it  shall  continue  in  the  wisdom  of  its  founders 
it  will  be  safe  from  imbecility  and  indifference.  Pursuing  a  similar  course 
and  policy  as  the  British  Association,  we  shall  be  able  to  say,  as  Presi- 
dent Sedgwicls  said  before  that  Association : 

''Our  meetings  have  been  essentially  harmonious  only  because  we  have 
kept  within  our  proper  boundaries,  confined  ourselves  to  the  laws  of 
nature  and  steered  clear  of  all  questions  in  the  decision  of  which  bad 
passions  could  have  any  play.  But  if  we  trespass  our  proper  boundaries, 
go  into  provinces  not  belonging  to  us,  and  open  a  door  of  communication 
with  the  dreary  wilds  of  politics,  that  instant  will  the  foul  Demon  of  Dis- 
cord find  his  way  into  our  Eden  of  Philosophy." 
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